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EXECUTIVE SUMMARY

As required by the Hanford Federal Facility Agreement and Consent Order'

(Tri-Party Agreement Milestone M-17-00A), this report assesses the impact of

wastewater discharged to the 216-T-1 Ditch on groundwater quality. This

assessment expands on the initial analysis conducted between 1989 and 1990 for

the Liquid Effluent Study Final Project Plan.2

Facility Description

The 216-T-1 Ditch, located in the northern 200 West Area, has received

liquid effluents from the head-end of the 221-T Building since 1944. The

221-T Building head-end effluent stream, from 1990 to the present includes:

cooling water and steam condensate from the heating and cooling systems. The

average flow rate, as of July 1994, was estimated to be 3.46 x 102 L/month

(9.13 x 10 gal/month) or 8 Llmin (2 gal/min). Discharges to the ditch are

scheduled to cease by June 1995.

Impact Assessment

Based on groundwater flow data, contaminant transport predictions, and

groundwater hydrochemical data, the 216-T-1 Ditch has little influence on

groundwater quality in the northern 200 West Area. Existing groundwater

contaminants near the 216-T-1 Ditch (gross alpha, gross beta, carbon

Ecology, EPA, and DOE, 1990, Hanford Federal Facility Agreement and
Consent Order, Washington State Department of Ecology, U.S. Environmental
Protection Agency, and U.S. Department of Energy, Olympia, Washington.

2WHC, 1990, Liquid Effluent Study Final Project Plan, WHC-EP-0367,
Westinghouse Hanford Company, Richland, Washington.
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tetrachloride, chloroform, nitrate, technetium-99, tritium, and uranium) are

attributed to upgradient past-practice sources rather than the 216-T-1 Ditch.

Conclusions

Continued short-term operation of the 216-T-1 Ditch will have little

effect on groundwater quality in the northern 200 West Area. The groundwater

monitoring well currently installed at the 216-T-1 Ditch is adequate, under

current operating conditions (December 1994) and until scheduled discharges

cease (June 1995). If discharges to the 216-T-1 Ditch continue beyond

June 1995, installation of additional groundwater monitoring wells for this

site should be considered.
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GROUNDWATER IMPACT ASSESSMENT REPORT
FOR THE 216-T-1 DITCH

1.0 INTRODUCTION

Groundwater impact assessments are conducted at liquid effluent receivingsites on the Hanford Site to determine hydrologic and contaminant impactscaused by discharging wastewater to the soil column. The assessments areconducted pursuant to the Hanford Federal Facility Agreement and Consent Order(Tri-Party Agreement), Milestones M-17-OOA and M-17-OOB (Ecology et al. 1994).This report assesses impacts on the groundwater and vadose zone fromwastewater discharged to the 216-T-1 Ditch. The effluent waste stream ofinterest is the 216-T-1 Ditch Laboratory Wastewater.

1.1 BACKGROUND

In response to public comments on the original Tri-Party Agreement, andat the request of the signatories on the Tri-Party Agreement, theU.S. Department of Energy, Richland Operations Office (RL) assessed the impactof liquid effluents discharged to the ground at the Hanford Site. The resultsare documented in the Liquid Effluent Study Final Project Report (WHC 1990b).Both the Washington State Department of Ecology (Ecology) and theU.S. Environmental Protection Agency (EPA) expressed concerns regardinguncertainties in the evaluation. Foremost among these concerns were the lackof site-specific data, the need to consider interactions with adjacentfacilities, and the need for sophisticated modeling of contaminant flow andtransport. In response to these concerns, Tri-Party AgreementMilestones M-17-OOA, M-17-OOB, M-17-13, and M-17-13A were established todirect groundwater impact assessments.

Tri-Party Agreement Milestones M-17-OOA and M-17-OOB require impactassessments for Phase I and II streams. Phase I and II streams are defined inStordeur and Flyckt (1988). The 216-T-1 Ditch currently receives steamcondensate and cooling water from the T Plant cooling and heating system,which is defined as a Phase II stream. Tri-Party Agreement Milestone M-17-13required a methodology for assessing the impact of liquid effluent dischargeon groundwater. This is documented in A Methodology for Assessing Impacts toGroundwater from Disposal of Liquid Effluent to the Soil at the Hanford Site(Tyler 1991). As required by Tri-Party Agreement Milestone M-17-13A, aschedule for performing the assessments at 13 receiving sites was completed30 days after regulatory approval of the Milestone M-17-13 document.

The 216-T-1 Ditch is scheduled to cease receiving effluent discharges inJune 1995. After that date, all effluent from the 216-T-1 Ditch waste streamwill be routed to the 200 Areas effluent collection system as part of HanfordEnvironmental Compliance Subproject W-049H (WHC 1990b).

1
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1.2 METHODOLOGY

Tyler (1991) categorizes 13 receiving sites based on the level of effortrequired to support the assessed impact. A Level 1 receiving site groundwaterimpact assessment relies on available information. A Level 2 receiving sitemay require nonintrusive field work to verify the extent of existingcontamination. A Level 3 receiving site may involve intrusive field work.The actual level of effort, as defined in Tyler (1991), should be based oninformation presented in the Groundwater Impact Assessment Plan (Tyler etal. 1994).

The methodology document for a Level 1 receiving site must contain thefollowing elements:

* Prepare, present, and describe how the groundwater assessment willbe conducted

* Characterize the liquid effluent stream

* Evaluate the site-specific hydrogeology

* Develop a site conceptual model

* Assess the hydrologic impact of the liquid effluent stream

e Assess the contaminant impact of the liquid effluent stream

* Evaluate the adequacy of the existing monitoring well network

* Prepare a written report of the results.

The Level 2 and 3 site tasks are similar to those outlined above and mayalso include field activities. The 216-T-1 Ditch is a Level 3 receiving site.

Several key assumptions inherent to all groundwater impact assessmentsare explained in Tyler (1991). For this groundwater impact assessment, thefollowing assumptions are relevant.

* The expected level of impact from the receiving site determines howwell the chemistry, geology, and hydrology need to be understood.
* Modeling sophistication is tailored to available information and theexpected level of impact of the receiving site.

* Historical data are fully useable.

2
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2.0 FACILITY DESCRIPTION

Chapter 2.0 provides the location description and history of the
216-T-1 Ditch. A brief description is also provided of nearby waste
management units, buildings, and structures. Information in Chapter 2.0 wasprimarily obtained from DOE-RL (1992).

2.1 216-T-1 DITCH LOCATION

The 216-T-1 Ditch is located on a 1,434-km2 (560-mi 2 ) tract of land inthe south-central portion of Washington State known as the Hanford Site.
The ditch is located in the north-central portion of the Hanford Site in the200 West Area, approximately 32 km (20 mi) northwest of Richland, Washington
(Figure 2-1).

2.2 216-T-1 DITCH DESCRIPTION AND HISTORY

The 216-T-1 Ditch has been used to manage low-level radioactive
wastewater, cooling water, and steam condensate by infiltration/absorption
through the soil column and natural evaporation. The ditch was placed inservice November 1944. The unlined and open ditch is 549 m (1,800 ft) long,7.6 m (25 ft) wide at the top, and 0.9 m (3 ft) wide at the bottom. The ditchhas a side slope of 2:5.1 and an average depth of 3 m (10 ft). The ditch isfed by a 15.2-cm- (6-in.-) diameter underground header pipe extending 90 m(295 ft) north of 221-T Building (T Plant). From 1944 to 1990, the ditchreceived wastewater from T Plant from the containment system test facility,vacuum fractionator, liquid metal reactor safety test, light water reactortest, fusion program activities, and bismuth phosphate process. Theseeffluents originated in a portion of T Plant identified as the 221-T BuildingHead-End. Table 2-1 lists the dates and sources of discharge from the T PlantHead-End.

At present, liquid effluents associated with the decontamination missionare routed to wastewater streams other than the 216-T-1 wastewater stream.Effluent currently discharged to the 216-T-1 Ditch is identified in the216-T-1 Laboratory Wastewater Stream Report (WHC 1990a) and consists of steamcondensate and cooling water from the T Plant cooling and heating system.

The 216-T-1 Ditch does not support a large population of aquatic plants,bushes, and trees as is typical of many receiving sites. Vegetation withinthe ditch consists of mainly grasses. The sparseness of aquatic plants,
bushes, and trees is related directly to the quantity of effluent discharged
and suggests limited influx into the ditch. The ditch is also covered with upto 1.2 m (4 ft) of tumble weed in places that has blown in from the
surrounding area.

3
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Figure 2-1. 216-T-1 Ditch Location.
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Table 2-1. Dates and Sources of Discharge to the 7 -T-h itrk

Date Process Effluent discharge to
216-T-1 Ditch

1944-1956 Bismuth phosphate Cooling water and steam
condensate

1956-1964 Inactive N/A

1964-1969 Containment system test Cooling water and
facility miscellaneous waste

1972-1976 Vacuum fractionator Condensate from heat radiators

1976-1985 Liquid metal reactor Diluted nonradioactive sodium,
safety tests lithium, and sodium iodine

1985-1990 Light water reactor Cooling water, steam
tests and fusion condensate, and miscellaneous
program wastes

1990-present No testing since 1990 Cooling water and steam
condensate from heating and
cooling systems

2.3 221-T (T PLANT) BUILDING

T Plant was built between 1943 and 1944 to extract plutonium from
production reactor fuel. Processing of spent fuel at T Plant ended in 1956when extraction technology transitioned from a process relying on bismuth
phosphate to one based on reduction/oxidation (REDOX). A short hiatus ensuedbetween this process conversion and the adaptation of T Plant for
decontamination and equipment refurbishment in 1957. T Plant currently servesthe Hanford Site as the primary decontamination facility. T Plant provides
radioactive decontamination, reclamation, and decommissioning of process
equipment contaminated with fission products and other highly contaminated
pieces of equipment.

Wastewater generated from spent fuel processing between 1945 and 1956consisted predominately of cooling water and steam condensate from the spent
fuel dissolution process (Bolls 1992).

2.3.1 Head-End Process History

The T Plant Head-End has served as the site of experimental operations
and testing and contains numerous storage and waste tanks and test vessels.

5
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Most of the original bismuth phosphate process equipment has been removed from
T Plant. When the dissolution equipment was removed from the T Plant Head-End
in 1956, efforts were made to remove and/or stabilize radioactive
contamination in the facility. A testing program was then established for the
testing of iodine and radioactive cesium containment vessel in the old
dissolver cells and canyon. This modified facility operated between 1964 and
1969 and was also referred to as the Containment System Test Facility (CSTF).

In 1972, a vacuum fractionator was built and tested. Testing ended in
1976 and the vacuum fractionator was removed. Between 1976 and 1985, liquid
metal reactor safety tests were conducted in the CSTF with nonradioactive
sodium, lithium, and sodium iodide. These tests consisted of sodium and
lithium pool reaction spray reaction and aerosol behavior tests. The reacted
sodium, lithium, and sodium iodide was dissolved in water and discharged to
the 216-T-1 Ditch, provided the solution was not radioactive. Radioactive
waste and unreacted metal were routed to either the 105-DR Reactor Facility or
the 200 West Tank Farms.

Between 1985 and 1990 Light Water Reactor (LWR) tests were conducted
using nonradioactive cesium, manganese, zinc, lithium sulfate, iodine, and
hydrogen iodide. During the same period, several related tests were conducted
using nonradioactive lithium and lithium-lead alloy in support of the fusion
program. The process wastewater discharged to the 216-T-1 Ditch during these
test programs consisted of cooling water, steam condensate, and T Plant Head-
End waste solutions. Since March 1990, there have been no tests or operations
performed in the T Plant Head-End. Steam condensate and cooling water
associated with building heating and air conditioning and floor wash water are
the only regular effluents expected to be generated and discharged to the
216-T-1 Ditch. Current activities within T Plant are associated with cleanup,
including equipment removal.

2.3.2 224-T Building

The 224-T Building was originally used to purify plutonium nitrate using
the lanthanum fluoride process. Like the 221-T Building, this building was
deactivated in 1956 following phaseout of the bismuth phosphate plants. The
224-T Building remained inactive until the early 1970's, when it was modified
to store plutonium scrap in liquid and solid form. The scrap was removed in
1985, when the building was officially designated the Transuranic Waste
Storage and Assay Facility (TRUSAF). The TRUSAF operation consists of
nondestructive assay and nondestructive examination of newly generated,
contact-handled, transuranic (CH-TRU) solid waste. The NDAs and NDEs are used
to overview sealed, certified CH-TRU solid waste packages to verify general
compliance with the Waste Isolation Pilot Plant (WIPP) waste acceptance
criteria requirements.

6
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2.4 OTHER BUILDINGS AND STRUCTURES

The following buildings and structures are located in the study area havenot released contaminants to the ditch:

" 211-T Building (bulk chemical storage area)

e 221-TA (contains two ventilation supply fans for the 221-T Building)

e 222-T Laboratory Building (originally built as a process analysis
laboratory; currently houses Health Physics Technicians and
operation groups

* 271-T Building (original office and support facility for T Plant)

* 291-T Building house the sand filters and stack for the
221-T Building

e 2706-T Building (equipment decontamination)

e 2715-T Building (paint shop).

2.5 NEARBY WASTE MANAGEMENT FACILITIES

Section 2.5 describes the waste management facilities associated withpast practices of T Plant. The majority of these facilities are within 458 m(1,500 ft) of the 216-T-1 Ditch. Facilities outside this boundary include the216-T-6 Crib, the 216-T-3 Reverse Well, and the 241-T-361 Settling Tank.

2.5.1 216-T-2 Reverse Well

The 216-T-2 Reverse Well is an inactive waste management unit locatedapproximately 254 m (830 ft) southeast of the 216-T-1 Ditch. The well has adiameter of 15.2 m (6 in.) and extends to a depth of 22.9 m (75 ft). Thepipeline is blanked at the well and sprayed over with concrete. The welloperated between 1945 and 1950 and received 6 x 106 L (1.59 x 106 gal) ofdecontamination sink waste and sample slurper waste from the 222-T Building.

2.5.2 216-T-3 Reverse Well

The 216-T-3 Reverse Well is an inactive waste management unit located508 m (1,667 ft) southwest of the 216-T-1 Ditch. The well consists of a0.6-m- (2-ft-) high, stubbed steel pipe with a gauge at the tap. The well is62.8 m (206 ft) deep with a diameter of 25.4 cm (10 ip.). The well operatedfrom 1945 to 1946 and received 1.1 x 107 L (2.99 x 10 gal) of cell drainagefrom the T Plant as well as overflow from the 241-T-361 Settling Tank. Theaboveground piping was removed and the surface was decontaminated and leveledin August 1975.

7
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2.5.3 216-T-9, 216-T-10, and 216-T-11 Trenches

The 216-T-9, 216-T-10, and 216-T-11 Trenches are an inactive wastemanagement unit located about 318 m (1,042 ft) west of the 216-T-1 Ditch.Each trench is 15.2 m (50 ft) long, 3 m (10 ft) wide, and 1.8 m (6 ft) indepth. From 1951 to 1954, these trenches received heavy equipment and vehicledecontamination waste. No reference indicating the amount of the wastereceived has been documented. In 1954, the trenches were backfilled anddecontamination activities were transferred to the 216-T-13 Trench. Thetrenches were exhumed in 1972 and released from radiation zone status. Noradionuclides or chemical contamination has been documented for thesetrenches.

2.5.4 216-T-8 Crib

The 216-T-8 Crib is an inactive waste management unit located 267 m(875 ft) south of the 216-T-1 Ditch. The crib is surrounded by a light chainbarricade and posted with cave-in potential, underground, and surfaceradiation warning signs. The crib consists of two structures, each with a7.5-cm (3-in.) steel pipe placed vertically into a 3.6- by 3.6- by 2.1-m(12- by 12- by 7-ft) wooden frame, 5.2 m (17 ft) below grade. The bottomdimensions are 4.3 by 4.3 m (14 by 14 ft). The excavation is 6.1 m (20 ft)deep with a 1:1 slope. The crib has been backfilled.

The 216-T-8 Crib operated between May 1950 and September 1951. Duringthat time it received 5 x 105 L (1.32 x Jo gal) of decontamination sink andsample slurper waste from the 222-T Building laboratory processes (Stenner etal. 1988). When laboratory operations were terminated, the pipeline from thecrib to the building was blanked (WHC 1991).

2.5.5 216-T-29 Crib

The 216-T-29 Crib is an inactive waste management unit locatedapproximately 76 m (250 ft) southeast of the 216-T-1 Ditch. The crib isconstructed of 60 vitrified clay pipes, 15.2 cm (6 in.) in diameter, in a30.5- by 14.6-m (100- by 48-ft) area. The crib operated between 1949 and1964. During that time, the crib received a total of 7.4 x 104 L(1.96 x 104 gal) of condensate runoff from the 291-1-T Sand Filter. Thiswaste is considered potentially acidic given the presence of nitric acid(Stenner et al. 1988; Cramer 1987). The crib was deactivated when the sandfilter bypass water seal was removed, allowing the 221-T Building exhaust airto flow directly to the 291-T-1 Stack (WHC 1991).

2.5.6 216-T-33 Crib

The 216-T-33 Crib is an inactive waste management unit locatedapproximately 254 m (830 ft) southwest of the 216-T-1 Ditch. The crib isposted with underground contamination warning signs. This crib operated forapproximgtely 1 month, between January and February 1963, and received1.9 x 10 L (5.02 x 105 gal) of decontamination waste from the2706-T Building. However, the amount of liquid that actually reached the
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crib has been questioned by plant personnel who suspected that the line to theunit retained all of the waste. This waste stream consisted primarily ofsodium hydroxide (Cramer 1987). The bottom of the crib is 9.1 m (30 ft) long1.5 m (5 ft) wide, and 3.4 m (11 ft) deep. The slope of the excavation is1:5:1. The bottom 1.4 m (4 ft) of the excavation is filled with washedgravel. A 20.3-cm (8-in.) perforated pipe located 2.1-m (7-ft) below graderuns the length of the unit. Use of 216-T-33 Crib was terminated whenperforations at the discharge point became plugged.

2.5.7 216-T-34 Crib

The 216-T-34 Crib is an inactive waste management unit located about 89 m(292 ft) southeast of the 216-T-1 Ditch. The crib is located in an excavation61 m (200 ft) long, 9.1 m (30 ft) wide, and 4.9 m (16 ft) deep. The crib hasa side slope of 1:5:1. The dispersal system consists of 128 m (420 ft) ofperforated 20.3-cm (8-in.) line in a 4.4- by 59-m (15- by 195-ft) rectangularstructure with a 15.2-cm (6-in.) perforated line extending 15.2 m (50-ft) intothe crib. The dispersal system is 3.7 m (12.2 ft) below grade. A 1.5-m(5-ft) layer of washed gravel is in the excavation and the site has beenbackfilled.

2.5.8 216-T-35 Crib

The 216-T-35 Crib is an inactive waste management unit locatedapproximately 242 m (792 ft) east of the 216-T-1 Ditch. The crib is 137 m(450 ft) long, 3 m (10 ft) wide, and 4.6 m (15 ft) in depth. The slope of theexcavation is 2:1. A 30.4-m (100-ft) long, perforated 15.2-cm (6-in.)distribution line and a 137-m (450-ft) long parallel line are placed 2.9 m(9.5 ft) below grade. These lines are covered by 1.5 m (5 ft) of gravel and1.4 m (4.5 ft) of backfill.

This crib operated between March 1967 and January 1968 and received5.72 x 107 L (1.51 x 106 gal) of 300 Area Laboratory waste from the240 Building (Stenner et al. 1988). Low-level surface contamination of asmall area near the unloading station has been reported but surfacecontamination has not been documented (Fecht et al. 1977).

2.5.9 218-W-8 Burial Ground

The 218-W-8 Burial Ground is an inactive waste management unit thatconsists of three underground vaults. These vaults are located 229 m (750 ft)southeast of the 216-T-1 Ditch. The burial ground operated from 1945 to 1952.During this time, the burial ground received 68 m3 (89 yd3) of222-T Laboratory process sample waste containing cesium-137, ruthenium-106,and strontium-90 (Stennyr et al. 1988; Anderson et al. 1991). The twooriginal vaults are 3 m (30 ft2 ) and 3.6 m (12 ft) deep. The vaults areconstructed of wooden planking and have tops located 1.5 m (5 ft) below grade.The third vault is a concrete culvert pipe encasement 2.4 m (8 ft) in diameterand 7.6 m (25 ft) long, placed approximately 0.9 m (3 ft) below grade. Thetop of the encasement is a 23-cm (9-in.) concrete cover and the bottom is a30-cm (12-in.) concrete floor. The disposal chutes for the wooden vault were
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removed and backfilled with soil. The disposal chute and three vaults are
enclosed within a surface radiation contamination barrier that surrounds the
original vault.

2.5.10 2607-W4 Septic Tank and Drain Field

The 2607-W4 Septic Tank is an active waste management unit operating
since 1944. The tank is located 25 m (83 ft)- southwest of the 216-T-1 Ditch.The tank accepts wastewater and sewage and includes a drain field 3 m (10 ft)long, 9.2 m (30 ft) wide, and 0.9 m (3 ft) in depth. The estimated rate ofwaste received is 10,600 L/day (2,799 gal/day) (Cramer 1987).

2.5.11 2607-W3 Septic Tank and Drain Field

The 2607-W3 Septic Tank is an active waste management unit operating
since 1944. The tank is located approximately 458 m (1,500 ft) south of the216-T-1 Ditch. This unit includes a 3.8-m- (12.5-ft-) deep reinforced
concrete drain field. The tile field is constructed of 10.2-cm (4-in.)vitrified clay pipe. The laterals are open jointed and spaced 2.4 m (8 ft)apart. The drain field measures 6.4 by 2.7 m (21 by 9 ft). The tank acceptssanitary wastewater and sewage at the estimated rate of 14,200 L/day
(3,749 gal/day) (Cramer 1987).

2.5.12 241-TX-154 Diversion Box

The 241-TX-154 Diversion Box is an active waste management unit operatingsince 1949. The diversion box is located approximately 153 m (500 ft) southof the 216-T-1 Ditch. The diversion box is associated with the
241-TX-302C Catch Tank and the 241-TX Tank Farm (WHC 1991). Diversion boxeshouse the switching facilities where waste can be routed from one process lineto another. They are concrete boxes that were designed to drain by gravity tonearby catch tanks where waste is stored.

2.5.13 241-TX-302C Catch Tank

The 241-TX-302C Catch Tank is an active waste management unit operating
since 1949. The catch tank is located 165 m (542 ft) south of the
216-T-1 Ditch. This catch tank is of steel construction, is 11 m (36 ft) longby 2.7 m (9 ft) in diameter, and is approximately 6 m (20 ft) below grade.

This tank was used to accept overflow radioactive waste solutions fromthe 241-TX-154 Diversion Box resulting from processing and decontamination
operations (Cramer 1987). The tank currently holds 9,652 L (2,550 gal) ofliquid waste and is associated with the 241-TX-154 Diversion Box and the241-TX Tank Farm (WHC 1991).
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2.5.14 241-T-361 Settling Tank

The 241-T-361 Settling Tank is and inactive tank and is located about521 m (1,708 ft) south of the 216-T-1 Ditch. The tank is cylindrical, 6.1 m(20 ft) diameter by 5.8 m (19 ft) deep, and is constructed with a 15-cm(6-in.) reinforced, pre-stressed concrete shell. The top of the tank islocated 2 m (6 ft) below grade.

The date that the 241-T-361 Settling Tank began operation has not beendetermined. The tank stopped receiving waste in 1976. The 241-T-361 SettlingTank received radioactive contaminated liquid from the 221-T Building processand is connected to the 216-T-6 Crib. As of February 1992, the tank wasreported to contain 105,980 L (15,500 Ci beta/gamma). This unit was isolatedin 1985 (Cramer 1987).

2.6 UNPLANNED RELEASES

Of the 46 unplanned releases that have occurred in the T Plant AggregateArea (DOE-RL 1992), 17 are located near the 216-T-1 Ditch. The followingsections discuss each of the 17 releases. For more information, refer to theWaste Information Data System (WIDS) (WHC 1991).

2.6.1 UPR-200-W-2

A waste line failure contributed to radionuclide contamination. Thisrelease occurred in 1947. Contamination levels were not recorded, butradiation readings were measured from ground surface to 3.1 to 3.4 m (10 to11 ft) below ground surface. The waste line was replaced; no record was madeof the disposition of the contaminated soils. The location of the release isapproximately 127 m (417 ft) south of the 216-T-1 Ditch.

2.6.2 UPR-200-W-3

This release is associated with equipment that was in transit fromT Plant to the 200 West Burial Ground. The release occurred in 1949 near theT.Plant railroad cut, approximately 229 m (750 ft) southwest of the216-T-1 Ditch. The contaminated area was covered with approximately 25.4 cm(10 in.) of clean gravel in the spring of 1950. No contamination levels werereported.

2.6.3 UPR-200-W-4

This release occurred near the T Plant railroad cut, approximately 229 m(750 ft) southwest of 216-T-1 Ditch. Contamination spread from a burial boxin transit from T Plant to the heavy equipment burial ground sometime in 1949.Contamination levels are difficult to determine for this release. The onlyreported data is a 7-mR/h reading (average) without any associated distancemeasurements.
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2.6.4 UPR-200-W-12

This release occurred in the spring of 1951. While jetting concrete from
the waste evaporator, the waste was forced up and out of an open riser.
Portions of the contamination were removed and the remaining waste was covered
with 0.3 m (1 ft) of clean soil. Contamination levels were not recorded. Therelease occurred approximately 267 m (875 ft) from the 216-T-1 Ditch.

2.6.5 UPR-200-W-21

A cave-in over a process line caused contamination of an extended areaapproximately 229 m (750 ft) south of the 216-T-1 Ditch. A jumper leak in the241-TX-154 Diversion Box, which caused an overflow to occur in the
241-TX-302C Catch Tank, is also related to this release. Dose rates as highas 25 R/h at 20.3 cm (8 in.) were recorded at the time of the release. Therelease occurred in July 1953. The area has subsequently been covered withasphalt.

2.6.6 UPR-200-W-27

This release occurred on December 20, 1954. The release involved thefailure of an unencased process waste line from T Plant. The failure resultedin a cave-in and subsequent run-off of first-cycle process wastes. The exactlocation of the release is unknown but is estimated to be approximately 280 m(917 ft) south of the 216-T-1 Ditch. Exact contamination levels are notreported, but readings indicated "high ground-surface dose rates."

2.6.7 UPR-200-W-38

This release is associated with the rupture of an underground processline in 1956. The release created a 4.6 by 9.2 m (15 by 30 ft) pool of metalwaste on the ground surface. The radiation field produced from this releasemeasured 1.2 R/h at 24.4 m (80 ft). The release was stabilized by sprayingconcrete on the area surrounding the diversion box. The location of therelease is 89 m (292 ft) southeast of the 216-T-1 Ditch, near the
241-TX-154 Diversion Box.

2.6.8 UPR-200-W-40

Leakage of an unknown liquid from the 241-TX-154 Diversion Box and the241-TX-302C Catch Tank contributed to this release. Contamination levels arenot reported, but the area affected is limited to approximately 139 m2
(1,500 ft2) on the southeast side of the 221-T Building. The spill is locatedapproximately 127 m (417 ft). southwest of the 216-T-1 Ditch. The release
occurred on January 3, 1956, and is associated with two other releases in theimmediate vicinity (Sections 2.6.4 and 2.6.17).
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2.6.9 UPR-200-W-58

This release is located approximately 89 m (292 ft) southwest of the216-T-1 Ditch in an area between the 221-T railroad cut and the 200 WestBurial Ground. The release occurred on April 26, 1965, and involved a cellblock from the 221-T Canyon. The cell block was en route to the 200 WestBurial Ground. The cell blocks spread contamination from the 221-T railroadcut to the 200 West Burial Ground. The contamination levels measured at thesite are reported to be "unknown" beta/gamma with readings to a maximum of100,000 ct/min. The contaminated soil was removed from the railroad bed.

2.6.10 UPR-200-W-63

This release occurred on September 21, 1966, approximately 635 m(2,083 ft) southwest of the 216-T-1 Ditch. The source of the release was aused diversion box jumper in transit via truck from the 200 West Burial Groundto the 221-T Canyon. The waste material contained strontium-90 with readingsof approximately 1 Ci. The contamination was found on the road and wassubsequently removed. The area was covered with 15.2 cm (6 in.) of soil.

2.6.11 UPR-200-W-65

This release occurred at the T Plant railroad cut October 27, 1969,approximately 89 m (292 ft) southwest of the 216-T-1 Ditch. The release wasthe result of a rail car that was carrying radioactive material that was noteffectively contained. The contamination associated with this release werereported to be "unknown" beta/gamma readings of 5,000 ct/min. The spur linewhere the release occurred is not labelled, stabilized, or barricaded.

2.6.12 UPR-200-W-67

This release is associated with the removal of an electric lift from thenorth side of the 2706-T Building. The release location is approximately146 m (479 ft) southeast of the 216-T-1 Ditch. The residual contaminationfrom the removal of the lift was approximately 20,000 ct/min. Thecontamination was reported on August 5, 1970.

2.6.13 UPR-200-W-73

This release is located approximately 146 m (479 ft) southeast of the216-T-1 Ditch. The release is the result of a faulty transfer box that was intransit from the 221-T Building tunnel to the 2706-T Building. The releaseoccurred on October 6, 1974. Contamination levels are difficult to determinefor this release. The only reported data is an "unknown" beta/gamma readingof 40 mR/h without any associated distance measurements.
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2.6.14 UPR-200-W-85

This release occurred approximately 146 m (479 ft) southeast of the216-T-1 Ditch. On April 22, 1982, a spill occurred while contaminated liquidswere being sluiced from a multi-purpose transfer box. The contaminated liquidhad a "unknown" beta/gamma reading of 100,000 ct/min. The area wasdecontaminated to background levels.

2.6.15 UPR-200-W-98

This release is located approximately 305 m (1,000 ft) southeast of the216-T-1 Ditch. A leak in an underground metal waste transfer line surfacedand spread an unknown amount of mixed fission contamination over a smallground area. The release occurred in the spring of 1945. Contaminationlevels from the high salt, neutral/basic fission products were reported tohave readings of approximately 10 Ci. An "unknown" beta/gamma reading of20 R/h, without any associated distance measurements, was also reported.

In 1968, Russian thistle containing strontium and cesium radioactivitywere found growing over the spill site. The radioactivity of the Russianthistle was measured annually and each year the radioactivity in the new cropof Russian thistle decreased until no activity was detected after 1975. Inthe spring of 1977, an unspecified number of test holes were cut to a depth of1.2 m (4 ft) across the site. No radioactivity was detected. However, the1990 annual radiation surveillances of the affected area indicated a generalcontamination of 300 ct/min. There were also rabbit feces readings of2,500 ct/min. Similar conditions were reported in the 1988 and 1989 surveys.The unit associated with this release does not comply with the EnvironmentalCompliance Manual (WHC-CM-7-5).

The affected area has been covered Zwith approximately 1.2 m (4 ft) ofclean soil. The area has subsequently been paved.

2.6.16 UPR-200-W-102

This release is located approximately 311 m (1,021 ft) south of the216-T-1 Ditch. The release was reported in February 1972 but occurred overseveral years of operation. Contamination is believed to have resulted fromalpha-laden moisture seeping through pipe joints from underground process tankvent lines. Excavation of the affected area revealed subsurface contamination15.3 m (50 ft) long, 3.7 m (12 ft) wide, and 3.7 m (12 ft) in depth. Theexcavated soil was placed in 139 drums of unspecified size. The wastecontained an estimated 72 g (2.5 oz) of plutonium. Contamination levels forthis release were not documented, but a radiological survey conducted inOctober of 1975 showed no surface contamination.

2.6.17 UPR- A-W-160

This release area is located approximately 178 m (583 ft) southwest ofthe 216-T-1 Ditch. This area received two releases over a total area of 49 by27.5 m (160 by 90 ft). The first leak occurred in July of 1953 (see
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Section 2.6.5). The second was the result of the failure of an undergroundtransfer line from the 214-TX-302C Catch Tank to the 241-U-101 Single-ShellTank. The failure occurred on December 30, 1955, and involved the release ofseveral thousand gallons of highly radioactive liquid primary metal waste andrainwater. The liquid forced through several feet of soil onto the surfacesurrounding the 214-TX-302C Catch Tank. The spill area has been backfilledand sprayed with tar and posted as a radiation zone.

During April and May 1968, the east side of the radiation zone was cutback a distance of 3 m (10 ft). Thin concrete cell cover blocks were leanedat a 600 angle against the side of the cut to shield the dose rates toacceptable levels. The cut was covered with cement blocks to provide adequateshielding. The radionuclide inventory for this release is given in Table 2-2.This release is associated with the UPR-200-W-40 release in the immediatevicinity (see Section 2.6.8).

Table 2-2.

Isotope data

Cesium-137 17 Ci*

Ruthenium-106 3.46 x 10-" Ci*

Strontium-90 16 Ci*

Gross data

Plutonium I g

Alpha 6.14 x 10-2 Ci*

Beta 64.7 Ci*

Uranium (total) 1.51 x 10-3 Ci*

*Curies decayed through 12/31/89
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3.0 EFFLUENT CHARACTERISTICS

Chapter 3.0 focuses on the physical and chemical characteristics of thewastewater effluent from 1944 to the present. Past discharges are of interestfor assessing the impacts on the soil column under the 216-T-1 Ditch and
determining the level of contaminant migration to groundwater.

3.1 DISCHARGE VOLUMES AND FLOW RATES

Discharge volumes and flow rates to the 216-T-1 Ditch have varied withthe changing chemical processes performed in the T Plant Head-End. Flow ratesare assumed to be based on process knowledge since flow meters have not beenused in discharge lines feeding into the 216-T-1 Ditch. Currently, only45.8 m (150 ft) of the 216-T-1 Ditch is affected by discharges. Table 3-1presents the estimated volumes and flow rates over the life of the
216-T-1 Ditch.

Table 3-1. Estimated Volume and Flow Rates for the 219-T. n4 k- - - -a- = E h

Time period Volume (L) Flow rate ReferenceTime period Volume (L)(L/min) ___________

1944-1975 1.8 x 108 11 Anderson (1976)8

1976-1984 3.4 X 107 8 Dillon (1985)b

1985-1990 6.5 X 107 25 WHC (1990a)c

1990-present 2.0 x 107 8 Facility contact

Total volume 3.0 x 108

OAnderson, J. D., 1976, Input and Decayed Values of Radioactive Liquid
Wastes Discharged to the Ground in the 200 Areas Through 1975, ARH-CD-745,
Atlantic Richfield Hanford Company, Richland, Washington.

bDillon, K. L., 1985, Separations Area Water-Use Balance through 1984,RHO-RE-SR-50, Draft, Rockwell Hanford Operations, Richland, Washington.
CWHC, 1990a, T Plant Wastewater Stream-Specific Report, WHC-EP-0342,

Addendum 32, Westinghouse Hanford Company, Richland, Washington.

3.2 EFFLUENT HISTORY AND CONSTITUENTS

Before 1985, hazardous waste discharges were not monitored. Radiological
hazards were measured on a periodic basis and were reported in operational
monitoring reports (Anderson 1976). Table 3-2 presents the Waste Inventory
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Table 3-2.
Radiological

Waste Identification Data System
Inventory for the 216-T-1 Ditch.

Data System (WIDS) (WHC 1991) radiological inventory reporting
216-T-1 Ditch. Figure 3-1 is a flow diagram of the wastewater
process from the T Plant Head-End to the 216-T-1 Ditch.

for the
discharge

The chemical composition of the effluent currently discharged to the216-T-1 Ditch is equivalent to Columbia River raw water. In the past theeffluent has consisted primarily of steam condensate and cooling water. Thesource of these waste streams is the 221-T Building heating and coolingsystem. An additional wastewater source is storm water drainage. This sourceis considered routine but is weather dependent. These sources are expected tocontain little or no radioactive and/or hazardous materials (Bolls 1993).Administrative controls have been implemented to remove hazardous constituentsfrom the waste stream.

Historical releases of hazardous chemicals are known to have occurredfrom the 221-T Building. Records indicate that from 1976 to 1985, reactedsodium, lithium, and sodium iodide were dissolved in wastewater and weredischarged to the 216-T-1 Ditch. Light water reactor safety testing alsoproduced effluent streams that contained hazardous constituents. Theseconstituents are listed in Table 3-3.

Appendix C contains annual average time-series plots for the chemicalconstituents detected in the wastewater effluent from 1985 through thepresent. The constituents that have exceeded Westinghouse Hanford Company(WHC) provisional backgrounds are aluminum, copper, iron, manganese, and zinc(Johnson 1993). These constituents-mobilize and are not retained in the soilcolumn when the chelating agent ethylenediametetraacetic acid (EDTA) is added.There were also measured concentrations of volatile and semivolatile organicsin the effluent samples reported in 1993. Effluent sampling results for theperiod 1992 to 1993, however, confirm that wastewater released to the216-T-1 Ditch is steam condensate and close to deionized water in composition.
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Isotope Activity (Ci)

Cesium-137 3.9 x 10-2

Ruthenium-106 4.4 x 10-3

Strontium-90 3.6 x 10-2

Plutonium 1.0 x 10-1

Gross alpha 6.1 x 10-3

Gross beta 1.5 x 10-1

Uranium (total) 1.5 x 10-3
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Figure 3-1. Flow Diagram of the Wastewater Discharge Process
from the T Plant Head-End to the 216-T-1 Ditch.
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Table 3-3. Hazardous Chemicals Released to the 216-T-1 Ditch

*Concentration average assumes dilution in 5.4 x 107 L of water.
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Constituent Total mass Average concentration* Concentration without
(kg) (ppb) dilution (ppb)

Cesium 33.5 620 4.0 x 10'

Manganese -24.0 33 33

Iodine 3.6 67 6.0 x 104

Potassium 7 130 1.4 x 106

Zinc ~18.5 19 710

Lithium 47 870 2.3 x 106

Sulfate 325 6,000 16.0 x 106

Phosphate 33.6 622 1,700

Sodium 120 2,200 7.76 x 10'

Borate 124 2,300 4.8 x 106

EDTA 600 1.11 x 104 5.2 x 106
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4.0 CONCEPTUAL MODEL OF HYDROGEOLOGIC RESPONSE
AND CONTAMINANT MIGRATION

Chapter 4.0 summarizes the Hanford Site hydrologic conditions. Theinformation in Chapter 4.0 is taken largely from DOE (1988); Delaney etal. (1991); Connelly et al. (1992a, 1992b); and Lindsey et al. (1994).

4.1 HYDROGEOLOGIC FRAMEWORK

4.1.1 Regional and 200 West Area Geology

The Hanford Site is underlain by the following:

" Miocene-aged (17.5 to 6 Ma) basalts of the Columbia River Basalt
Group (CRBG) (Myers et al. 1979; Reidel and Fecht 1981; DOE 1988;Tolan et al. 1989; Reidel et al. 1989, 1992)

e Sedimentary interbeds within the basalts assigned to the Miocene
Ellensburg Formation (Reidel and Fecht 1981; DOE 1988; Smith 1988)

* Late Miocene to Holocene-aged (<8.5 Ma to present) suprabasalt
sedimentary units (Myers et al. 1979; Tallman et al. 1981; DOE 1988;Smith et al. 1989; Lindsey 1991; Reidel et al. 1992). These areshown in Figure 4-1. Pre-Miocene sedimentary and crystalline rocksunderlie the basalt (Campbell 1989) but will not be discussed inthis report.

4.1.1.1 CRBG. The CRBG is an assemblage of tholeiitic, continental floodbasalts that cover an area of more than 163,157 km2 (63,000 mi2) inWashington, Oregon, and Idaho. The basalts have an estimated volume ofapproximately 174,356 km (40,800 mi3) (DOE 1988; Reidel and Hooper 1989;Tolan et al. 1989). Beneath the Hanford Site the CRBG is divided, from oldestto youngest, into four formations: Imnaha Basalt, Grande Ronde BasaltWanapum Basalt, and Saddle Mountains Basalt (DOE 1988; Tolan et al. 1989) (seeFigure 4-1). The Saddle Mountains Basalt is divided, from oldest to youngest,into the Umatilla, Wilbur Creek, Asotin, Esquatzel, Pomona, Elephant Mountain,and Ice Harbor Members at the Hanford Site (Reidel and Fecht 1981).Descriptions and interpretations of CRBG characteristics and evolution arecompiled in Reidel and Hooper (1989).

The Elephant Mountain Member of the Saddle Mountains Basalt is theuppermost basalt unit beneath the 200 West Area and is continuous beneath theentire area. The top of the Elephant Mountain Member dips to the southwestand south into the Cold Creek syncline, reflecting the structure of the area(Figures 4-1 and 4-2). There is little evidence for significant erosion intothe top of the Elephant Mountain Member and no indication of erosional"windows" through the basalt into the underlying Rattlesnake Ridge interbed ofthe Ellensburg Formation (Graham et al. 1981).
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Figure 4-1. Neogene Stratigraphy of the Pasco Basin (Lindsey et al. 1994).
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Figure 4-2. Generalized Suprabasalt Stratigraphy
of the Pasco Basin and Hanford Site (Lindsey et al. 1994).
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4.1.1.2 Ellensburg Formation. The Ellensburg Formation consists of
volcaniclastic and silisiclastic deposits that occur between CRBG basalt flows
(Swanson et al. 1979; DOE 1988; Smith 1988) (see Figure 4-1). At the Hanford
Site, the three uppermost units of the Ellensburg Formation are, from oldest
to youngest, the Selah interbed, the Rattlesnake Ridge interbed, and the Levy
interbed. A detailed discussion of the Ellensburg Formation at the Hanford
Site is given in Reidel and Fecht (1981). Smith (1988) and Smith et
al. (1989) discuss the Ellensburg Formation and correlative units throughout
the region.

4.1.1.3 Suprabasalt Sediments. The uppermost-geologic units at the Hanford
Site are generally referred to as the suprabasalt sediments. These units are
the focus of this report. Discussions of various aspects of suprabasalt
sediment geology are found in Myers et al. (1979); Tallman et al. (1979,
1981); PSPL (1982); Bjornstad (1984); Fecht et al. (1987); DOE (1988);
Baker et al. (1991); Last et al. (1989); Smith et al. (1989); Delaney et
al. (1991); Lindsey (1991, 1992); Lindsey et al. (1991, 1992); and Reidel et
al. (1992). Delaney et al. (1991), Lindsey (1991), and Reidel et al. (1992)
provide the most recent synopsis of Hanford Site suprabasalt sedimentary
geology. The following discussion is summarized from these recent reports as
well as field data.

The suprabasalt sedimentary sequence (see Figures 4-1 and 4-2) is up to
229 m (750 ft) thick at the Hanford Site and is dominated by the laterally
extensive late-Miocene to Pliocene Ringold Formation and the Snipes Mountain
Conglomerate and Pleistocene Hanford formation. Laterally discontinuous
deposits, collectively referred to as the Plio-Pleistocene unit, separate the
Hanford formation and Ringold Formation locally. Holocene-aged alluvial and
eolian deposits cap the suprabasalt sequence.

4.1.1.3.1 Ringold Formation. The Ringold Formation is up to 183 m
(600 ft) thick beneath the Hanford Site. It consists of uncemented to locally
well-cemented clay, silt, fine- to coarse-grained sand, and pebble to cobble
gravel. Ringold deposits are grouped into five facies associations that are
defined on the basis of lithology, petrology, stratification, and pedogenic
alteration (Lindsey 1991; Reidel et al. 1992). The facies associations,
fluvial gravel, fluvial sand, overbank-paleosol, lacustrine, and basaltic
alluvium are summarized in Lindsey et al. (1994, Table 1).

The distribution of facies associations within the Ringold Formation
forms the basis for stratigraphic subdivision (Lindsey 1991; Reidel et
al. 1992). The lower half of the Ringold Formation is informally referred to
as the member of Wooded Island. It is subdivided into several subunits,
designated as units A, B, C, D, and E (see Figure 4-2; Lindsey et al. 1994,
Figures 4 and 5). These subunits are characterized by strata typical of the
fluvial gravel and fluvial sand facies association. Grain-size analysis of
core and surface exposures indicates the gravel facies association typically
has a bimodal grain-size distribution with the dominant sizes being pebble-to-
cobble gravel and medium- to fine-grained sand (Lindsey et al. 1994, Tables 2,
3, and 4). These distributions differ from those reported for the low-level
burial grounds (LLBG) by Last et al. (1989). Data presented in that report,
which indicated Ringold gravels were sand rich, were based on driven split-
spoon and drive barrel samples. Consequently, those samples probably were not
intact and the grain size data presented in the report should be used with
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caution. Typical grain size distributions for intercalated sand and silt inunits A and E of the member of Wooded Island are shown in Lindsey et
al. (1994, Table 5).

Units A, B, C, D, and E of the member of Wooded Island are interbedded
with fine-grained deposits typical of the overbank-paleosol and lacustrine
facies association. The lowest of these fine-grained intervals is designatedthe lower mud unit of the member of Wooded Island (see Figure 4-2; Lindsey etal. 1994, Figures 4 and 5). Interstratified deposits of the fluvial sand andoverbank-paleosol facies association, informally referred to as the member ofTaylor Flat, and strata dominated by the lacustrine facies association,
informally referred to as the member of Savage Island, form the upper half ofthe Ringold Formation (commonly referred to as the upper unit). Sand bedsfrom the member of Taylor Flat have grain-size ranges similar to those foundin the underlying member of Wooded Island (Lindsey et al. [1994, Table 6]).The 200 Areas are underlain by a combination of units A, D, and E and thelower mud unit of the member of Wooded Island and the lowermost part of themember of Taylor Flat (Lindsey et al. 1994, Figure 4).

Ringold stratigraphic units present beneath the 200 West Area are unit A,the lower mud unit, and unit E of the member of Wooded Island and erosionalremnants of the member of Taylor Flat (Lindsey et al. 1994, Figures 5, 9, and10). Unit B/D of the member of Wooded Island also is present, but the limiteddistribution of silty marker horizons at the site makes it difficult todetermine its lateral continuity. Unit C of the member of Wooded Island alsomay be present, but the absence of any marker strata necessary todifferentiate it from unit E of the member of Wooded Island makesidentification of unit C impossible.

Unit A and the lower mud unit of the member of Wooded Island, the twolowest Ringold units in the 200 West Area, display similar trends. Unit Athickens to the south and southwest towards the axis of the Cold Creeksyncline. The top of the unit is relatively flat, dipping to the west andsouthwest (Lindsey et al. 1994, Figure 11). Intercalated lenticular sand andsilt is common in unit A in the western and southern parts of the area. Theoverlying overbank and lacustrine deposits of the lower mud unit also thickenand dip to the south and southwest. However, unlike unit A, the top of thelower mud sequence is irregular and the interval pinches out along thenortheast edge of the 200 West Area (Lindsey et al. 1994, Figure 12).

At least locally throughout the 200 West Area, gravelly strata ofunit B/D of the member of Wooded Island overlies the lower mud unit. Thesegravels are similar in composition to unit A below and unit E above. Unit B/Dis differentiated from the other gravelly Ringold units by its stratigraphicposition overlying the lower mud unit and below paleosols underlying unit E.Where the paleosols underlying unit E are absent, unit B/D is not identified.

Unit E of the member of Wooded Island generally thins from the north-northwest to the east-southeast. The top of the unit is irregular, displayinghighs in the northern and southern parts of the area, lows in the central partof the area, and generally dipping to the southeast (Lindsey et al. 1994,Figure 13). Intercalated lenticular beds of sand and silt occur throughoutthe 200 West Area, although predicting where they will occur is difficult.

25



WHC-EP-0814

The member of Taylor Flat (Lindsey et al. 1994, Figures 14 and 16) isdiscontinuous across the 200 West Area because of post-Ringold erosion. Itonly is found in the northern, western, and southern parts of the 200 WestArea. In these areas the top of the unit generally is dipping to the south-southwest. The member of Taylor Flat in the 200 West Area consists ofinterstratified deposits of the overbank-paleosol facies and the fluvialsand facies.

4.1.1.3.2 Plio-Pleistocene Unit. The Plio-Pleistocene unit includes allmaterial overlying the Ringold Formation and underlying the Hanford formation.This interval formerly was divided into three units: (1) the Plio-Pleistoceneunit, (2) early Palouse soil, and (3) p--Missoula gravels (Myers et al. 1979;Tallman et al. 1979, 1981; DOE 1988; Last et al. 1989; Lindsey et al. 1991;Reidel et al. 1992). Recent core logging, borehole sampling, and outcropstudies indicate that a unified Plio-Pleistocene unit consisting of twosubunits (locally derived and distally derived; pre-Missoula gravels are foundsoutheast of the 200 East Area) better represents this interval because ofuncertainties in stratigraphic relationships among the three formerly usedunits.

Major rivers (Columbia, Yakima, and Snake Rivers), local sidestreams, andwind deposited Plio-Pleistocene-aged alluvium in the Pasco Basin. The twosubunits of the Plio-Pleistocene unit are differentiated based on recognitionof deposits from these different sources. Major rivers transported clasticdetritus from the northern Rocky Mountains, Okanagen highlands, IdahoBatholith, Cascade Range, and Wallowa Terrane that consist predominantly ofquartzite, gneiss, basalt, andesite, rhyolite, and low-grade metamorphics.

The locally derived subunit consists of poorly sorted, locally derived,interbedded reworked loess, silt, sand, and basaltic gravel. ReworkedRingold-derived silt, sand, and gravel also may be present. These strata arebedded to massive; carbonate is irregularly distributed throughout. Thegravels mark the course of alluvial channels, whereas the fine-grainedmaterial represents overbank, lacustrine, and eolian deposits.

Several forms of carbonate are developed in the subunit, includingdisseminated (which lightens the matrix and reacts strongly with hydrochloricacid but is otherwise indistinct), filamentous, nodular, massive (whichimpregnates the matrix imparting a white color and reacts strongly toviolently with hydrochloric acid), and partial to complete carbonate coatingson clasts. Most of this carbonate developed subaerially during hiatuses indeposition. However, the absence of associated soil horizons, no apparentdecrease in carbonate content with depth (as would be expected in pedogeniccarbonates) in some carbonate layers, and some carbonates with textures thatare not common to pedogenic carbonates all indicate that groundwater (orcapillary fringe) processes may have influenced the morphology of thesehorizons.

Silt and sand in the upper pa-t of the locally derived subunit has beenpreviously described as a loess ar referred to as the early Palouse soil(Myers et al. 1979; Tallman et al. 1981; Bjornstad 1984; DOE 1988; Last etal. 1989; Lindsey et al. 1991; Last and Rohay 1993). In fact, this intervalconsists of thin, planar-laminated fine sandy silts with little evidence of
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the bedding disruption and massive character typical of loess deposits.Consequently, the term early Palouse soil is dropped and these laminateddeposits are assigned to the Plio-Pleistocene unit.

The thickness (up to 20 m [66 ft]) of the locally derived subunit andfacies distribution are related to depositional environment, the topography ofthe erosional surface on top of the Ringold Formation, and post-depositionalerosion by the catastrophic Missoula floods (Hanford formation). Cold Creek,Dry Creek, and unnamed drainages off Umtanum Ridge, Yakima Ridge, andRattlesnake Mountain deposited this subunit on a northwest-trending channel orfan complex.

The Plio-Pleistocene unit is irregularly distributed beneath the 200 WestArea (Lindsey et al. 1994, Figures 17 and 18); it consists of a combination offacies ranging from pedogenic calcium carbonate to stratified silt-rich
deposits.

4.1.1.3.3 Hanford formation. The Hanford formation (see Figure 4-2)consists of uncemented gravel, sand, and silt deposited by Pleistocenecataclysmic flood waters (Fecht et al. 1987; DOE 1988; Baker et al. 1991).The Hanford formation is thickest in the central Hanford Site where it can beup to 107 m (350 ft) thick. The Hanford formation is divided into threefacies (gravel, sand, and silt dominated) that are gradational with each other(Lindsey et al. 1991, 1992). These correspond to the gravel, laminated sand,and graded rhythmites facies, respectively, of Baker et al. (1991).

The contact between the Hanford formation and underlying strata iseverywhere a disconformity and commonly an angular unconformity. This contactis irregular (Lindsey et al. 1994, Figure 19) and reflects an erosion surfaceassociated with Pleistocene cataclysmic flooding, pre-Hanford incision, or acombination of the two.

The silt-dominated facies consists of interbedded silt and fine- tocoarse-grained sand forming well stratified normally graded rythmites. Someof the strata identified as loess dominated early Palouse soil in previousstudies (Tallman et al. 1979; Bjornstad 1984; DOE 1988; Last et al. 1989;Last and Rohay 1993) are in fact deposits of the silt-dominated facies. Thesilt-dominated facies is differentiated from massive, unbedded loess and thelacustrine deposits of the Plio-Pleistocene unit by the presence ofinterbedded sand. The facies was deposited in backflooded areas duringhighstands of cataclysmic Pleistocene flood events (Baker et al. 1991).

Well-stratified, fine- to coarse-grained sand and granule gravel form thesand-dominated facies. Silt content is variable. Open framework texture iscommon where the silt content is low. Small pebbles and rip-up clasts may bepresent in addition to lenticular, pebble-gravel interbeds and siltyinterbeds. Deposits comprising this facies accumulated in areas transitionalfrom low-energy backflooded areas to main high-energy channel tracts and asflood flows waned in areas adjacent to channelways and downstream of flowconstrictions (Baker et al. 1991).

The gravel-dominated facies consists of cross-stratified, coarse-grainedsand and granule to boulder gravel. Intercalated, lenticular silt-richhorizons that commonly display evidence of pedogenic activity are found
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locally. Interbedded, gravelly, well-stratified coarse-grained to granular
sands are present. This facies is generally uncemented and matrix poor,displaying an open framework texture. The facies was deposited in high-energy
main channelways (Baker et al. 1991).

In addition to these three facies, clastic dikes are found in the Hanford
formation as well as locally in other sedimentary units in the Pasco Basin
(Black 1979). Clastic dikes throughout the Pasco Basin usually consist ofalternating vertical to subvertical layers of silt, sand, and granule gravel
less than 1 cm (0.4 in.) up to 2 m (6.6 ft) thick. They generally cross-cut
bedding, although they do locally parallel bedding. A feature known as
patterned ground is observed where the dikes intersect the ground surface.

Studying the distribution of Hanford formation facies types and
identifying similarities in lithologic succession across the 200 West Area
indicates that the Hanford formation can be divided into two widely
distributed stratigraphic units: a gravelly unit referred to as unit I and asand-rich unit that is referred to as unit 2. Also, three localized units are
found in the 200 West Area. These units consist of a sandy unit overlying
unit 1, referred to as unit 1a; a second gravel interval near the bottom ofthe section, referred to as unit 3; and a silt-rich unit at the base of thesection, referred to as unit 4. Mineralogic and geochemical data are not usedin differentiating units because there is no comprehensive mineralogic andgeochemical data set.

Unit 4. Unit 4 is dominated by strata typical of the silt-dominated
facies and lesser sand-dominated facies. It is largely restricted to thewest-central part of the 200 West Area where it underlies and interfingers
with gravels of unit 3. Where unit 3 is absent it may not be possible todifferentiate unit 4 from other silt- and sand-dominated parts of the Hanfordformation. However, some borehole data reported in Last and Rohay (1993) andRohay et al. (1993) indicate that unit 4 may be separable from other silt andsand units on the basis of decreased grain size.

Unit 3. Deposits of the gravel- and sand-dominated facies form the bulkof unit 3. Unit 3 is most common in the west-central part of the area
(Rohay et al. 1993). Because there are no distinctive marker lithologies andbeds, it is impossible to determine whether unit 3 in the 200 West Area iscorrelative to unit 3 in the 200 East Area. It is also not possible to
differentiate the gravels of unit 3 from other gravelly Hanford units, such asunit 1, where intervening sandy strata are absent.

Unit 2. Unit 2 consists dominantly of silt, silty sand, and sand typicalof the silt-dominated facies interbedded with coarser sands like those
comprising the sand-dominated facies. Thin (<3 m [<9.8 ft]) intervals
dominated by the gravel facies are found locally. The distribution of facieswithin the unit is variable, although the unit generally fines to the southwhere silt-dominated facies become more common. Unit 2 pinches out in thenorthern part of 200 West Area and it generally thickens to the south
(Lindsey et al. 1994, Figures 20 and 21).

Unit 1. Unit 1 consists of interstratified gravel facies, sand facies,
and lesser silt facies. At some localities deposits typical of the sand-
dominated facies dominate. This is especially common in the west-central
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200 West Area where a sandy interval, referred to as unit la, gradationally
overlies unit 1 gravels (Rohay et al. 1993). Minor, laterally discontinuous
silty deposits like those that form the silt facies are found locally. Thethickness and distribution of individual facies within unit 1 vary. Fining
upwards sequences of coarse to fine gravel and gravel to gravelly sand arepresent at some locations. The base of unit 1 is incised into underlying
strata. However, where the unit thins to the south the contact is less welldefined as unit 1 interfingers with the sand and silt of unit 2 (Lindsey etal. 1994, Figure 22).

4.1.1.3.4 Holocene Deposits. Holocene surficial deposits consist of amix of silt, sand, and gravel deposited by a combination of eolian and
alluvial processes. These Holocene deposits form a thin (4.9 m [<16 ft])
veneer across much of the Hanford Site.

Holocene deposits in the 200 West Area consist of thin (<3 m [<9.8 ft])eolian sheet sands. These sands are very fine to medium grained and
occasionally silty. These deposits have been removed from much of the area byconstruction activities.

4.1.1.3.5 Structural Geology The Hanford Site is located in the easternYakima Fold Belt near its junction with the Palouse subprovince (DOE 1988).A series of segmented, narrow, asymmetric, and generally east-west trending
anticlines that separate broad, low-amplitude structural basins characterizesthe Yakima Fold Belt (Reidel 1984; Reidel et al. 1989; Tolan and Reidel 1989).One of the largest structural basins within the Yakima Fold Belt is the PascoBasin. The Hanford Site is situated in the Pasco Basin, which is bounded onthe north by the Saddle Mountains anticline, on the west by the Hog Ranch-Naneum Ridge anticline, and on the south by the Rattlesnake Mountain anticline(Figure 4-3) (DOE 1988). The Palouse slope, a west-dipping monocline, boundsthe Pasco Basin on the east (see Figure 4-3) (DOE 1988). The Pasco Basin isdivided into the Wahluke and Cold Creek synclines by the Gable Mountain
anticline, the easternmost extension of the Umtanum Ridge anticline (see
Figure 4-3) (DOE 1988).

The 200 West Area is situated on the generally southward dipping north
limb of the Cold Creek syncline approximately 1 to 5 km (0.6 to 3.1 mi) northof the syncline axis (see Figure 4-3; Lindsey et al. 1994, Figure 5). TheGable Mountain-Gable Butte segment of the Umtanum Ridge anticline liesapproximately 4 km (2.5 mi) north of the 200 West Area. The axes of the
anticline and syncline are separated by a distance of 9 to 10 km (5.6 to6.2 mi), with structural relief of over 250 m (820 ft).

4.1.2 Geology of the 216-T-1 Ditch

Site-specific geologic parameters were derived from earlier
investigations in the 200 West LLBGs (Lindsey et al. 1994) and from field
investigations performed in conjunction with this report.
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Figure 4-3. Structural Geologic Setting of the
Pasco Basin and Surrounding Area.
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4.1.2.1 218-W-6 Burial Ground

The 218-W-6 Burial Ground (Lindsey et al. 1994, Figure 23) is underlain,
from the surface to the top of basalt, by (1) Hanford formation gravel andlesser sand facies; (2) the Plio-Pleistocene unit; (3) the lower part of theRingold Formation member of Taylor Flat; and (4) unit E, the lower mud unit,
and unit A of the Ringold Formation member of Wooded Island (Lindsey etal. 1994, Figures 24, 25, and 26).

The Hanford formation ranges from 7 to 24 m (23 to 80 ft) thick and is
dominated by the gravel facies. Sands also occur in several wells at the base
of the Hanford formation. Stratigraphic trends throughout the 200 West Areaindicate the gravels are part of Hanford formation unit 1. The sands areassigned to Hanford formation unit 2. Unit 2 pinches out in the northern partof the 200 West Area and is not continuous beneath the burial ground.

The Plio-Pleistocene unit is continuous beneath the entire burial ground
(Lindsey et al. 1994, Figure 27). It ranges from approximately 3 m (10 ft)thick in the eastern part of the site to as much as 18 m (60 ft) thick in thenorth-central part of the site. The top of the unit ranges from 7 to 24 m (23to 80 ft) below the surface, generally becoming deeper to the south. Beneaththe burial ground the unit consists of a combination of all its sediment typesexcept laminated silts. Consequently, a complex vadose zone transport systemshould be expected. The Plio-Pleistocene unit commonly grades downward intounderlying Ringold strata, and the top of the Plio-Pleistocene unit generally
is placed at the base of the lowest calcium carbonate-rich layer, which isgreater than 8 cm (0.25 ft) thick.

Except for the southernmost borehole examined for this site (W11-18),erosional remnants of the Ringold Formation member of Taylor Flat are presenteverywhere beneath the burial ground. These strata vary from 1.5 to 17 m(5 to 55 ft) thick because of the gradational nature of the contact between itand the overlying Plio-Pleistocene unit. Consequently, the contact betweenthe two units is not everywhere at the same horizon. Beneath the burial
ground the member is dominated by the fluvial sand facies and contains lesseroccurrences of the overbank-paleosol and fluvial gravel facies.

Unit E of the member of Wooded Island is present everywhere beneath theburial ground. Three wells (W6-6, W6-3, and W6-1) penetrate the full
thickness of unit E at the site, i.e., 96 to 100 m (315 to 329 ft). Unit E isdominated by the fluvial gravel facies while minor laterally discontinuous
occurrences of the fluvial sand and overbank-paleosol facies are also present.
Well-cemented zones throughout the unit can generate locally confined
conditions beneath the water table and have the potential to generate localperched water conditions in the vadose zone.

Wells W6-6, W6-3, and W6-1 also fully penetrate fine-grained strata ofthe lower mud unit. The lower mud unit is 3 to 4.5 m (10 to 15 ft) thick
beneath the site. Trends throughout the 200 West Area (Lindsey et al. 1994,
Figures 24, 25, and 26) indicate that the unit pinches out near the state-
approved land disposal site located north of the burial ground. It is notknown if the lower mud unit of the member of Wooded Island generates confined
or partially confined conditions in underlying strata.
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Approximately 11 m (35 ft) of fluvial gravel of unit A of the member ofWooded Island separate the lower mud unit of the member of Wooded Island fromthe top of the Saddle Mountains Basalt. Both unit A and the overlying lowermud unit dip and thicken southward.

4.1.2.2 Well 299411-37. Well 299-W1-37 (Figures 4-4, 4-5, and 4-6) wasdrilled to supplement stratigraphic data near the 216-T-1 Ditch and toestimate proximal vadose and groundwater contamination. The stratigraphichorizons encountered in the course of drilling the well coincide with thosefound beneath the 216-W-6 Burial Ground. Grain size nomenclature related tofine-grained sediments can be found in WHC-CM-7-7, ElI 9.1. All depthsreported are measured from ground surface at the time of drilling.

The Hanford formation resides from near ground surface to a depth of 26 m(85 ft). Approximately 1.5 m (5 ft) of sandy backfill overlies the uppercoarse gravel of the Hanford formation. The gravel extends to a depth ofapproximately 13 m (44 ft) and are not matrix supported. Clast sizes rangedfrom 4 mm (0.2 in.) to 15.2 cm (6 in.). Occasional fining sequences are foundwithin the gravels, but their vertical distribution is sporadic. Oneparticular zone of sandy silt resides at 12.2 m (40 ft). This sequence is thethickest fining horizon (0.03 m [0.1 ft]) within the gravel unit. The finesnormally associated with this unit are interpreted to be clast coatings due tothe limited relative percentage of their occurrence in the samples.

A sharp contact found between the upper coarse gravel and a sandy gravelhorizon occurs at 13.4 m (44 ft). This horizon contains approximately30 percent sandy matrix. The clast sizes are similar to those found in theupper coarse found above, but with a higher proportion of 4 to 8 mm (0.2 to0.3 in.) pebbles (approximately 50 percent). The fines are predominantlycoarse fractions with only trace amounts of silt.

Another sharp contact separates the sandy gravel and a uniform sandhorizon at 16.5 m (54 ft). This unit comprises approximately 80 percentcoarse and medium sands and 20 percent fine to very fine sand. Occasionalclasts are found in this horizon, with a maximum clast size of 15.2 cm (6 in).Two distinct fine-grained intervals are found at depths of 19.1 m (62.5 ft)and at 19.5 m (64 ft). The fine-grained sediments at these depths areapproximately 15.2 cm (6 in.) and 20.3 cm (8 in.) thick, respectively.

At a depth of 22.9 m (75 ft), the Hanford formation reverts back to acoarse gravel. The clast sizes are dominated by fine gravels (4 to 8 mm[0.2 to 0.3 in.]). The proportion of clasts declines at a depth of 24.4 m(80 ft). The matrix, which constitutes approximately 40 percent of thehorizon, is dominated by coarse sand. Fine-grained horizons comprising veryfine sand are found at depths of 23.5 m and 25.3 m (77 and 83 ft). Calichestringers are found at 25.9 m (85 ft).

Sand, silt, and caliche occur in alternating horizons beginning at adepth of 26.8 m (88 ft). The sands are relatively uniform without significantamounts of clast The clasts that are present are 4 to 8 mm (0.2 to 0.3 in.)in size and reprisent only 10 percent of an interval 0.3 m (1 ft) inthickness. This gravelly-sand interval occurs at 38.1 m (125 ft). The sandsvary in grain size from very fine sand to medium to coarse sand. Silthorizons occur at two intervals. A 12.7-cm- (5-in.-) thick silt horizon with
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Figure 4-4. Location Map for 216-T-1 Ditch
Cross Sections and Test Pits.
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Figure 4-5. Cross Section A-A' Through Well 299-W11-37.
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Figure 4-6.
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a hackly texture, possibly a paleosol, is located at a depth of 31.4 m(103 ft). The second horizon, at a depth of 39.2 m (128.6 ft), isapproximately 0.3 m (I ft) thick and was sampled with a split-spoon samplingdevice during drilling. Caliche occurs in two locations. The first interval,at a depth of 30 to 31 m (98.3 to 100.3 ft), developed on a fine-grained sand.The second horizon, located at a depth of 38.6 m (126.6 ft), is found in asand and silt sequence. This interval is approximately 15.2 cm (6 in.) thick.
The Plio-Pleistocene unit is represented by a caliche within a slightly

silty fine sand found at a depth of 40.6 to 41.5 m (133 to 136 ft). Thishorizon is interpreted to be a paleosol.

Ringold Formation sediments at the 216-T-1 Ditch include a fluvial sandsequence and fluvial gravels. The sand is found at a depth of 41.5 m(136 ft). Trace amounts of silt are incorporated into this medium- to fine-grained sand. The sand is relatively uniform to a depth of 45.8 m (150 ft),where a small fraction of 7.6-cm (3-in.) cobbles is found.

Ringold gravels comprise the remaining sediments between a depth of47.3 m (155 ft) and total depth at 90.4 m (296.5 ft). The relativepercentages of sand and gravel vary in this interval, but the interpretationgiven from field observations is that the sequence represents the unit E ofthe member of Wooded Island. From a depth of 47.3 m (155 ft) to 79 m(259 ft), and again between depths of 87 and 90.4 m (285 and 296.5 ft), graveldominates the unit. Clast sizes range from 4 mm to 12.8 cm (0.2 to 5 in.).The smaller fractions (4 to 16 mm [0.2 to 0.6 in.]) represent the greatestproportion of the gravel size. The matrix is predominantly coarse to very
coarse sand. Sand dominates the unit between the depths of 79 and 87 m (259and 296.5 ft). The clast sizes are similar to those found in the sandy-gravelhorizons, but the sand is represented by very coarse sand.

4.1.2.4 Test Pits. Three test pits were excavated within the confines of the216-T-1 Ditch. The test pits were required to evaluate near-surfacecontamination resulting from past practices associated with 216-T-1 Ditchoperations. The location of the test pits is shown in Figure 4-4.
In all three test pits, a thin (<0.3 m [1 ft]) sandy horizon was found tooverlie a sandy gravel. The sandy gravel is continuous beneath the ditch toat least 3 m (10 ft). The sediments in the ditch were slightly damp at thetime of sampling.

4.1.3 Regional and 200 West Area Hydrology

Delaney et al. (1991) presents a synopsis of regional and Hanford Sitehydrogeology . Section 4.1.3 is summarized from Delaney et al. (1991).Connelly et al. (1992a, 1992b) summarizes the hydrology of the 200 West Area.
4.1.3.1 Surface Hydrology. The primary surface water features near theHanford Site are the Columbia and Yakima Rivers. The freeflowing stretch ofthe Columbia River adjacent to the Hanford Site is known as the Hanford Reach.It extends from Priest Rapids Dam to the headwaters of Lake Wallula (thereservoir behind McNary Dam) at about the 300 Area. Flow along the HanfordReach is controlled by the Priest Rapids Dam. Approximately one-third of the
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Hanford Site is drained by the Yakima River system. West Lake, about 4 ha(10 acres) in size and less than 1 m (3 ft) deep, is the only natural lake onthe Hanford Site (DOE 1988). Wastewater ponds, cribs, and ditches associatedwith nuclear fuel reprocessing and waste disposal activities are also presenton the site.

4.1.3.2 Subsurface Hydrology.

4.1.3.2.1 Saturated Zone. The Hanford Site is underlain by amultiaquifer system consisting of four hydrogeologic units that correspond tothe upper three formations of the CRBG (Grande Ronde, Wanapum, and SaddleMountains Basalt) and the suprabasalt sediments (DOE 1988; Delaney etal. 1991). The basalt aquifers generally are confined and found withinsedimentary interbeds of the Ellensburg Formation and permeable zones thatoccur between flows.

Recharge to the shallow basalt aquifers in the Saddle Mountains and upperWanapum Basalts is from infiltration of precipitation and runoff along themargins of the Pasco Basin. Recharge of the deep basalt aquifers in the lowerWanapum and Grande Ronde Basalts is inferred to occur northeast and northwestof the Pasco Basin in areas where the Wanapum and Grande Ronde Basalts cropout extensively (DOE 1988). Groundwater discharge from shallow basaltaquifers is probably to overlying aquifers and to the Columbia River.Discharge areas for the deeper aquifers are uncertain but are inferred to besouth of the Hanford Site (DOE 1988). Erosional "windows" through densebasalt flow interiors at the top of the basalt aquifer system allow directinterconnection between the suprabasalt aquifer system and the uppermostbasalt aquifers (Graham et al. 1984).

The suprabasalt sediment aquifer is contained within the Hanfordformation and the Ringold Formation. The top of this aquifer lies at depthsranging from less than 30 cm (1 ft) near West Lake and the Columbia andYakima Rivers, to greater than 107 m (350 ft) near the center of the HanfordSite. The base of the uppermost aquifer system is the top surface of theunderlying basalt. Beneath the western part of the Hanford Site the watertable generally is within gravels of unit E of the member of Wooded Island.In the northern and eastern portions of the Hanford Site the water table isgenerally at or near the Hanford-Ringold contact. In the east-central part ofthe Hanford Site the water table lies up to 24 m (80 ft) above the top of theRingold Formation. Widespread intervals dominated by the paleosol-overbankand lacustrine facies associations form at least partially confining layersbetween the main Ringold gravel-bearing units (A, B/D, C, and E of the memberof Wooded Island) (Lindsey et al. 1994, Figure 5). The uppermost aquifersystem is bounded laterally by anticlinal basalt ridges and is approximately152 m (500 ft) thick near the center of the basin. Hydraulic conductivitiesfor the Hanford formation are much greater than those of the gravel facies ofthe Ringold Formation (Connelly et al. 1992a, 1992b).

Natural recharge to t, uppermost aquifer system consists of rainfall andrunoff fror the hills bordering the Hanford Site, water infiltration fromsmall ephemeral streams, river water along influent reaches of the Yakima andColumbia Rivers, and water rising from underlying confined basalt aquifersalong faults and fractures. The movement of moisture from precipitationthrough the unsaturated (vadose) zone varies. Gee (1987) and Routson and
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Johnson (1990) indicate that the downward movement of moisture from surface
recharge is nonexistent across much of the Hanford Site, while Rockhold etal. (1990) suggest that downward water movement below the root zone is commonin the 300 Area. Artificial recharge occurs from the disposal of wastewater
on the Hanford Site (principally in the 200 Areas) and from large irrigation
projects surrounding the Hanford Site.

4.1.3.2.2 Unsaturated Zone. Strata in the vadose zone across theHanford Site and the 200 Areas show variations similar to those displayed inthe uppermost aquifer system. The Hanford formation, Plio-Pleistocene unit,and Ringold Formation are all present in the vadose zone in the 200 West Area.In the 200 East Area the vadose zone is situated almost entirely within theHanford formation. The distribution of fine-grained layers, cemented zones,and clastic dikes within these units probably have the greatest influence onvadose zone flow and transport properties.

Van Genuchten curve fitting parameters for the major stratigraphic unitsbeneath the 200 East Area and 200 West Area are summarized in Connelly etal. (1992a, Table 3-1; 1992b, Table 3-1), respectively. Close examination ofthese parameters reveals significant variability. Because of this high degreeof variation, known heterogeneities in the geology of the area, boreholesampling techniques inappropriate for intact sediment sampling, and thelimited number of data points, these data are not representative of vadoseconditions.

4.1.3.2.3 200 West Area Hydrology. The surface of the unconfinedaquifer in the 200 West Area is situated entirely within partially cementedfluvial gravels of unit E of the member of Wooded Island (Connelly etal. 1992b). Transmissivity and hydraulic conductivity values summarized inConnelly et al. (1992b, Table 3-2) indicate ranges of 1.7 to 4,738 M2/day and0.3 to 1,554 m/day (18 to 51,000 ft2/day and 1 to 5,100 ft/day), respectively.The vadose zone beneath the 200 West Area is situated in the Hanfordformation, the Plio-Pleistocene unit, the Ringold member of Taylor Flat, andthe upper part of unit E. Van Genuchten curve fitting parameters forlithologies that typically comprise these units are listed in Connelly etal. (1992a, Table 3-1; 1992b, Table 3-1).

Clastic dikes also are common in the vadose zone in the 200 West Area.Data describing the physical characteristics and hydrologic properties ofclastic dikes are not available. However, some empirical observations havebeen made that allow the following generalized conclusions to be made:

e Clastic dikes are most common within strata typical of the sand- andsilt-dominated facies. However, the dikes are very difficult todetect in the subsurface.

* Clastic dikes can potentially act as barriers or pathways to fluid
transport. Their behavior depends on the content of the dike andthe type of sediment the dike transects.

* The lateral extent of the spreading of individual perched water
zones is limited where dikes appear to form pathways for vertical
fluid transport.
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4.1.4 hydrology of the 216-T-1 Ditch

The hydrostratigraphic units of concern in the vicinity of the216-T-1 Ditch are the (1) Elephant Mountain Basalt, (2) Ringold Formation,(3) Plio-Pleistocene interval, and (4) Hanford formation. The ElephantMountain Basalt forms the lower confining bed of the uppermost aquifer. Thedense interior of this basalt has low-hydraulic conductivities (0.0009 m/day[0.03 ft/day]). The surface of the Elephant Mountain Basalt dips south-southeast toward the axis of the Cold Creek syncline from a high just north ofthe 200 East Area.

The suprabasalt aquifer beneath the 216-T-1 Ditch is contained withinRingold formation unit E of the member of Wooded Island. These strata exhibitlocally confined to unconfined conditions caused by fine intervals andcemented zones. The saturated thickness of the unconfined aquifer isapproximately 68.6 m (225 ft) in the vicinity of the ditch. Hydraulicconductivities for the gravels and sands of unit E range from 0.02 to 61 m/day(0.06 to 200 ft/day).

The Plio-Pleistocene unit is approximately 12 m (40 ft) thick with thetop of the unit dipping to the south-southwest. The Plio-Pleistocene unit iswithin the unsaturated zone within the 216-T-1 Ditch study area. PedogenicCaC0 -cemented horizons within the interval may create locally perchedconditions. However, there were no occurrences of perched water during thedrilling of well 299-W11-37. No perched water was reported by Lastet al. (1989) above this unit although it is encountered elsewhere in thesouthern 200 West Area.

The thickness of the unsaturated zone beneath the 216-T-1 Ditch isapproximately 67 m (220 ft) and consists of the upper portion of the Plio-Pleistocene unit and the units of the Hanford formation. Hydrologicproperties for the Hanford formation are summarized in Connelly et al. (1992).

Groundwater flow in the uppermost aquifer system (near the water table)is east-northeast in the vicinity of the 216-T-1 Ditch (Figure 4-7)(Serkowski et al. 1994). The groundwater flows from a large mound or lobe onthe west side of the 200 West Area. The lobe, although its apex had declinedand shifted eastward in recent years, is mainly due to surface discharges tothe 216-U- Pond system (mainly 284-WB Powerplant Ponds, 216-U-14 Ditch, and216-Z-20 Pond).

4.2 HYDROLOGIC RESPONSES TO EFFLUENT DISPOSAL

The water table northeast (downgradient) of the large mound on the eastside of 200 West Area is a relatively uniform surface that is dipping to thenortheast (see Figure 4-7). No irregularities exist near the 216-T-1 Ditch.Furthermore, the water level in well 299-W11-37 is consistent with theregional water table. This indicates that the amount of wastewater dischargedat the 216-T-1 Ditch (see Figure 2-1) is insufficient to form a discerniblemound.
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Figure 4-7. 200 Areas Water Table (Serkowski et al. 1994).
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Discharged wastewater to the 216-T-1 Ditch is decreasing with time andwill cease in June 1995. Therefore, the formation of a future groundwater
mound at the 216-T-1 Ditch site is unlikely assuming the continued decrease inthe quantities of wastewater being discharged into the ditch.

Because only one well exists near the 216-T-1 Ditch and water levelmeasurements are consistent with the regional water table, it is difficult todetermine if the wastewater discharged at the ditch influences the groundwaterother than to say that the water is of insufficient quantity to form a mound.Consequently, it is only possible to speculate on the nature of thegroundwater conditions beneath the ditch. Based on experience elsewhere atthe Hanford Site, the following is a very general conceptualization of watermovement through the ground beneath the ditch.

When wastewater from the 216-T-1 Ditch is sufficient enough to saturatethe soil beneath the ditch, it percolates down into the uppermost sedimentunit at the crib site, a silty and sandy unit that represents the interbeddedsand- and silt-dominated facies of the Hanford formation. Significant lateralspreading may occur in this fine-grained unit. Because lateraldiscontinuities, such as pinchouts and clastic dikes, are common in the silt-rich horizons, lateral spreading is probably limited on individual beds.However, because multiple silt-rich horizons and the cumulative thickness ofthis interbedded interval are present, lateral spreading may be quitepronounced through the entire interval. Lateral spreading of moisture mayalso occur on the underlying Plio-Pleistocene interval, which is known to havemany discontinuous CaCO3-cemented horizons.

If any perching of the downward-migrating wastewater had occurred, theamount would have probably been minimal because of the discontinuous nature ofthe silt-rich layers in the Hanford formation and the intermittentCaCO -cemented layers in the Plio-Pleistocene interval. Furthermore, if anypercding had occurred in the silt-rich layers of the Hanford formation, thepreferential flow direction is unknown because the bedding is fairlyhorizontal. However, any perching that takes place on top, or within, thePlio-Pleistocene interval may cause groundwater at those perched layers toflow to the southeast because the interval generally dips that direction.

4.3 GROUNDWATER QUALITY

4.3.1 216-T-1 Ditch Groundwater Quality

Groundwater analyses data from well 299-Wll-37 (at the head-end of the216-T-1 Ditch) give an indication of the local groundwater quality, as well aspotential local influences from the 216-T-1 Ditch. Appendix Al lists the 1994results of groundwater analyses data for all samples collected fromwell 299-W11-37 during drilling and well installation.

Table 4-1 summarizes the groundwater data from Appendix Al by listing theconstituents detected in the analyses. The table lists the concentrationmeasured for the parameters listed. This table lists both field andlaboratory analytical results. Where a conflict exists between values, the
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Table 4-1. Constituents
for Well

Analyzed -
299-WII-37.

Constituent Result' Resultb Units Backgrounde EB Limitd EL
Alkalinity NM NM ppb 137,000 ±33,656 -- -- --

Aluminum (f) 19.0/19.0 36.9/<57 ppb <200
Americium-241 -0.0371/0.221 NM pCi/L -- 1.2

____ ____ ____ ____ ____(1/25 DCG)
Antimony (f) 19.5/19.5 30.5/<46 ppb --

Arsenic (f) 5.3/3.0 2.3/4.2 ppb <5
Barium (f) 36.4/36.2 53.4/50 ppb 41 ±20 1,000 (WWQS)
Beryllium (f) 0.67/0.33 0.2/<1 ppb <5
Cadmium (f) 1.8/1.8 2.2/<4 ppb <10 10 (WWQS)
Calcium (f) 52,100/51,500 44,100/41,000 ppb 38,352 11,023 -

Carbon 79/80 50/38 ppb -- 5(MCL)tetrachloride

Cesium-137 -3.72/-8.08 NM pCi/L -- -- 120 --

(1/25 DCG)
Chloride 10,0001 13,600' ppb 5,302 ±1,774 (low) to 250,000(880)/9,800 9,400/9,800 23,296 ± 2,463 (high) (WWQS)
Chloroform <5/<5 7/5.5 ppb -- Y 7 (WWQS)
Chromium, <10 16.7l ppb <30 50 (WWQS)total (f) 2.9/2.8 3.0/<5

Chromium, <101 16.7' ppb -- -_ -_ __
hexavalent -- --

(f)

Cobalt (f) 2.9/2.9 3.2/<10 ppb - __

Groundwater Monitoring Data

NM pCi/L 200

_________ ~~~~(/2 L ___________ ...

C,

I-

Coba I t-60 -0.9811/0. 767



Table 4-1. Constituents Analyzed - Groundwater Monitoring Data
for Well 299-W11-37. (4 sheets)

Constituent Result' Resultb Units Background' EB Limitd EL
Copper (f) 4.5/4.5 14.0/<5 ppb <30 1,000 (WWQS)
DO 6.36' 6.64' mg/L --

Fluoride 100/470 490/560 ppb 437 ±131 4,000 (WWQS)
Gross alpha 1.68/1.79 NM pCi/L 2.5 ±1.5 15 (WWQS)
Gross beta 23.0/29.9 NM pCi/L 7.1 ±2.6 50 (WWQS)
Iron, total 30' 11.7' ppb <50 (low) to 300 (WWQS)
(f) 145/99.9 20.5/<10 494 ±118 (high)

Iron, ferrous <101 <101 ppb --
(f)

Lead (f) 0.8/0.8 0.9/<2 ppb <5 50 (WWQS)
Magnesium (f) 15,900/15,800 14,700/13,000 ppb 11,190 ±2,578 --
Manganese (f) 159/156 134/130 ppb <20 (low) to 50 (WWQS)

118 ±17 (high)
Mercury (f) 0.11/0.10 0.1/0.2 ppb <0.1 2 (WWQS)
Nickel (f) 4.9/4.9 13.3/<12 ppb <30 ?
Nitrate 4,600f 4,220f ppb 5,170 ±3,576 10,000 (WWQS)

(170)/4700 4,100/3,700

Nitrite 13.5f 54.3f ppb -

ORP +181.9f +200.1f mV

pH 7.78f 7.88' -- 7.57 ±0.29 6.5 to 8.5
____ ____ ____ ____ ___(WWQS)

Phosphate 117.5f 153.3f ppb <1,000
<1000/<1000 <1000, (<43)

mn
au
0C



Table 4-1. Constituents Analyzed - Groundwater Monitoring Data
for Well 299-W1I-37. (4 sheets)

Constituent Resulta Resultb Units Background' EB Limitd EL
Plutonium-238 -0.253/-0.334 NM pCi/L -- -- 1.6

- (1/25 DCG)
Plutonium- 0.01/0.23 NM pCi/L -- -- 1.2239/240 (1/25 DCG)
Potassium (f) 4,940/4,870 4,090/4,100 ppb 4,993 1,453 --

Ruthenium-106 -- -- pCi/L -- -- 240 --
(1/25 DCG)

Selenium (f) 0.73/0.7 0.7/<3 ppb <5 10 (WWQS)
Silver (f) 4.2/4.2 3.0/<7 ppb <10 50 (WWQS)

Sodium (f) .14,100/14,100 14,700/13,000 ppb 15,774 ±6,784 -- -

Specific 591' 356' pAmhos 344 ±83
conductance /cm

Strontium -- -- ppb 164 ±37
(f,nr)

Strontium-90 0.065/0.207 NM pCi/L 8 (WWQS)

Sulfate 29,000' 26,670' ppb 30,605 ±22,611 250,000
(9,260)/24,700 23,900/23,000 (WWQS)

Sulfide ND' ND' ppb -- --

Technetium-99 103/114 NM pCi/L 4,000
(1/25 DCG)

Temperature 23.5' 18.7' -- --

Thallium (f) 1.0/1.0 1.4/<4 ppb -- -

Tritium 488/484 337/380 pCi/L 400' 20,000 (WWQS)

uranium (nr) ppb
1.7 ±1.2

CI

I

0

1.7 ± 1.2



Table 4-1. Constituents Analyzed -
for Well 299-W11-37.

Groundwater Monitoring Data
(4 sheets)

Constituent

Uranium-234 1.36/1.65 NM pCi/L -- -- 20 (1/25 DCG)
Uranium-235 0.037/0.037 NM pCi/L -- -- 24 (1/25 DCG)

Uranium-238 2.08/1.67 NM pCi/L -- -- 24 (1/25 DCG)

Vanadium (f) 44.7/38.4 21.9/<14 ppb 9 ±4
Zinc (f) 13.9/43.5 6.8/<10 ppb <50 (low) to 5,000 (WWQS)

I_ _1_ _1_247 ± 165 (high)
'Results from samples taken on 8-27-94 at a depth of 82.1 m (269.34 ft). Samples are listed asorigial sample set (HEIS Sample No. B09TJO)/duplicate sample set (HEIS Sample No. BOC8D9).Results from samples taken on 9-16-94 at a depth of 81.9 m (268.54 ft). Samples are listed asoriginal sample set (HEIS Sample No. B09W15)/split sample set (HEIS Sample No. B09W16).s Johnson, V. G., 1993, Westinghouse Hanford Company Operational Groundwater Status Report, WHC-EP-0595,Westinghouse Hanford Company, Richland, Washington.dWWQS = Washington Water Quality Standards, Washington Administrative Code 173-200;1/25 DCG = 1/25 Derived Concentration Guidelines, Environmental Compliance, WHC-CM-7-5, Westinghouse HanfordCompany, Richland, Washington (Section 8.0).
"Calculated value for tritium, based on results from sample blanks and samples taken as part of theRCRA vroundwater monitoring program.
Field analytical measurement.
DO = Dissolved oxygen.
EB = Exceed background.
EL = Exceed limit.
f = Filtered.

ND = Not detectable.
NM = Not measured.
nr = Nonradiological.

ORP - Oxidation-Reduction Potential.
? = Background value below detection limit, unable to determine.

CD

0

-Ph

Resul tb UnitsResul t'
Background* dEB
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value considered least accurate is shown in parentheses. If no parentheses
are used, then both values are considered valid. Complete lists of values
measured for the sample sets are given in Appendix Al.

The constituents that were detected at levels above analytical detectionlimits were compared to background values for the unconfined aquifer on the
Hanford Site (DOE-RL 1992). Of the constituents detected in the groundwater,14 had concentrations greater than those found in background wells
(Johnson 1993): arsenic, barium, calcium, carbon tetrachloride, chloride,chloroform, fluoride, gross beta, manganese, mercury, pH, specific conductance
(conductivity), tritium, and vanadium. Of these 14 constituents, only
2 exceeded a limit (either state or Hanford Site):

* Carbon tetrachloride concentrations were 79 and 80 ppb for the first
set of samples, and 50 and 38 ppb for the second set of samples.
The Washington State water quality standard (WWQS) (WAC 1990) for
carbon tetrachloride is 0.3 ppb.

" Manganese concentrations were 159 and 156 ppb for the first set of
samples, and 134 and 130 ppb for the second set of samples. The
WWQS (WAC 1990) for manganese is 50 ppb.

The following constituents were present in elevated concentrations whencompared to what could normally be expected to be present in the unconfinedaquifer, but did not exceed any regulatory limits: nitrate, sulfate,
technetium-99, and uranium.

Section 4.3.2 will discuss groundwater quality in the 216-T-1 Ditch area,including the conditions immediately beneath the ditch and how the ditcheffluent may be influencing concentrations, and upgradient and downgradientconditions and influences.

4.3.2 Upgradient Groundwater Quality

4.3.2.1 200 West Area Groundwater Contaminant Plumes. Examination ofcontaminant plume maps (Figures 4-8 through 4-13) and comparison to regulatorylimits indicate that six major contaminant plumes may be present beneath the216-T-1 Ditch (Connelly et al. 1992; Ford 1993): gross beta, carbon
tetrachloride, chloroform, nitrate, technetium-99, and tritium. The apparentgroundwater flow direction beneath the ditch is from the southwest to thenortheast. The closest well immediately upgradient (299-Wll-14) is
approximately 300 m (984.3 ft) to the southwest. In addition, there are otherwells just southwest, south, and southeast of the ditch (299-W11-7, 299-Wll-3,and 299-Wl-10) about 600 m (1,968.5 ft), 400 m (1,312.3 ft), and 550 m(1,804.5 ft) away, respectively. The nearest well downgradient of the ditch(299-W12-1), other than well 299-Wll-37 located at the ditch, is approximately
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Figure 4-8. Gross Beta Plume Map for the 200 West Area.
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Figure 4-9. Carbon Tetrachloride Plume Map for the 200 West Area.
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Figure 4-10. Chloroform Plume Map for the 200 West Area.
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Figure 4-11. Nitrate Plume Map for the 200 West Area.
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Figure 4-12. Technetium-99 Plume Map for the 200 West Area.
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Figure 4-13. Tritium Plume Map for the 200 West Area.
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2,000 m (6,561.7 ft) to the east/northeast. The concentrations of the sevenconstituents forming plumes beneath the ditch site are given below.
Section 4.3.2.2 provides more detail on the probable sources.

" Gross beta plumes are detected at several places in the 200 West
Area (see Figure 4-8). The largest and most concentrated plume isin the southeastern portion of the 200 West Area. Another majorplume is located in the northeastern portion of the 200 West Area,and a tongue extends to the northwest through the area of the ditch.
Concentrations downgradient are as high as 250 pCi/L, but near theditch the concentration is greater than 50 but less than 250 pCi/L.

" A carbon tetrachloride plume covers the majority of the 200 WestArea (see Figure 4-9). The predominant source of this plume isseveral disposal sites near Z Plant (located in the west-central
200 West Area). Concentrations near the 216-T-1 Ditch could be ashigh as 100 ppb. However, groundwater monitoring results from well299-Wll-37 (head-end of the 216-T-12 Ditch) are in the 40 to 80 ppb
range.

- The chloroform plume map (see Figure 4-10) indicates major sourcesof chloroform in the west-central part of the 200 West Area. Thisplume is related to the carbon tetrachloride plume, in that
chloroform is a potential degradation product of this constituent.
The plume extends north and northeast, and underlies the
216-T-1 Ditch site. Concentrations above the detection limit(5 ppb) and sometimes exceeding the WWQS (7 ppb) have been detectedin the well at the ditch (299-W11-37) and in other wells in thevicinity.

- Nitrate is found in highly variable concentrations in a major plumethroughout most of the 200 West Area (see Figure 4-11), indicatingmany possible sources. The plume covers most of the eastern half ofthe 200 West Area and underlies the 216-T-1 Ditch. Concentrations
in the vicinity of the ditch could be as high 45,000 to 100,000 ppb.However, current sample results from well 299-Wll-37 (head-end ofthe 216-T-1 Ditch) are in the 2,100 to 2,200 ppb range.

* Several technetium-99 plumes exist in the 200 West Area (seeFigure 4-12), indicating several sources of the constituent. Oneplume covers most of the north-central to northeast part of the200 West Area. Concentrations of Technetium-99 at the 216-T-1 Ditchsite could be over 50 pCi/L. Actual sample results have ranged from103 to 114 pCi/L.

" Two large tritium plumes extend out to the northeast and east of the200 West Area (see Figure 4-13). The smaller of the two plumesunderlies the 216-T-1 Ditch area. The highest concentration in thethis plume is to the northwest of the ditch. In the vicinity of theditch, the concentrations could be as high as 20,000 pCi/L. Inwell 299-Wll-37 the concentration of tritium is 337 to 438 pCi/L.
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4.3.2.2 Upgradient Groundwater Quality and Sources of Contaminants.
Groundwater chemistry data from one nearby upgradient well (299-W11-14) and
several other wells located to the west, southwest, and south of the
216-T-1 Ditch site were examined to determine the overall quality of
groundwater upgradient of the ditch area. The Hanford Environmental
Information System (HEIS) database was queried for analytical results from
the 1980s to February 1995 to give an indication of historical as well
ascurrent groundwater conditions. Appendix A2 lists the groundwater
monitoring results for well 299-W11-14. Appendix A3 lists results of the
groundwater analyses data for the other selected upgradient and downgradient
groundwater monitoring wells from the 1980s through February 1995. Table 4-2
gives the potential contamination sources and accompanying wells that were
examined. Figure 4-14 shows the well and disposal site locations.

The list of parameters used to determine groundwater conditions in
upgradient wells was arrived at using data from the 216-T-1 Ditch groundwater
monitoring well 299-W11-37. Constituents of interest, known contaminants
present in plumes in the area, groundwater quality indicators, and other
related chemical parameters were examined and the following parameters were
chosen for plotting:

* Radiological parameters - uranium/gross alpha and
technetium-99/gross beta

* Organics - carbon tetrachloride and chloroform
e Anions - nitrate and sulfate
* Metals - aluminum and iron.

Plots of effluent chemistry (for the 216-T-1 Ditch waste stream),
groundwater chemistry (for upgradient and down gradient wells and associated
Hanford Site background average values for the unconfined aquifer
[Johnson 1993]), maximum contamination levels (MCL) (40 CFR 141), or
1/25 derived concentration guide (DCG) (WHC-CM-7-5) were prepared for several
key parameters. These plots are shown and discussed in Appendix B. The
following is a short summary of the results:

* Uranium/gross alpha and technetium-99/gross beta concentrations are
elevated in upgradient groundwater, specifically in well 299-W11-14.
Well 299-11-37 (216-T-1 Ditch head-end) also has slightly elevated
concentrations of these parameters. However, 216-T-1 Ditch effluent
is low in concentration for these parameters, indicating that
sources upgradient of the 216-T-1 Ditch are responsible for these
elevated concentrations (see Figure 4-14).
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Table 4-2. Potential Contamination Sources and Nearby
Groundwater Monitoring Wells.

Potential contamination source Nearby well

216-T-3 299-Wi1-7

216-T-9,-10,-1I 299-W1-14

216-T-12 299-W11-7 and 299-W1l-14

Other upgradient wells 299-W1l-3 and 299-Wll-10

" Carbon tetrachloride and chloroform concentrations are elevated in
upgradient groundwater. Well 299-11-37 (216-T-1 Ditch head-end)
also has slightly elevated concentrations of these parameters. The
216-T-1 Ditch effluent does not have any detectable concentration of
these parameters. It is highly likely that the Z Plant Complex
(located in the west-central 200 West Area) is the source of these
contaminants. Large plumes of both constituents are present in the
200 West Area and in the vicinity of the 216-T-1 Ditch (see
Figure 4-14).

* Nitrate and sulfate are elevated in most of the upgradient wells,
and in the well at the 216-T-1 Ditch (299-W11-37). These
constituents are not elevated in the effluent. It appears that
upgradient sources are responsible for the elevated concentrations
of these constituents (see Figure 4-14).

* Aluminum and iron have been present in 216-T-1 Ditch effluent in
elevated concentrations. Presently, both parameters are elevated
with respect to expected background values. Well 299-W11-37
(216-T-1 ditch head-end) has detectable concentrations of both
constituents. Only one upgradient well (299-W11-7) has shown
elevated concentrations of iron in the past. Since travel time to
the water table for iron is greater than 100 years, it is probably
not contributing to the groundwater at this time, but it may
contribute to the presence of these parameters in the future (see
Figure 4-14).

4.4 SOIL COLUMN CONTAMINANTS

Liquid wastes discharged to the 216-T-1 Ditch have contributed chemical
and radioactive wastes to the soil column. These liquid wastes included
effluent from the 221-T Plant Head-End processes. Over the years several
different missions were carried out in this facility, including the original
separations plant for the bismuth phosphate process, containment system
testing, the vacuum fractionator process, liquid metal reactor safety tests,
and the light-water reactor safety tests and fusion program.
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Figure 4-14. Location of Nearby Facilities, Past-Practice Disposal
Sites, and Selected Monitoring Wells in the Vicinity

of the 216-T-1 Ditch.
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Some of the chemicals that are known to have been released to the216-T-1 Ditch are reacted sodium and lithium,' sodium iodide, other alkalimetals, cesium, manganese, lithium sulfate, iodine, and hydrogen. Thefollowing radionuclides have been released to the ditch: cesium-137,
strontium-90, plutonium, gross alpha, and gross beta (WHC 1991).

4.4.1 Test Pit Excavations

Several sediment samples were taken from near-surface (0 to 3 m [0 to10 ft]) test pits within the 216-T-1 Ditch during June 1994. Three test pitswere excavated in the ditch: (1) the first pit was located at the head-end ofthe ditch, within 4.6 to 7.6 m (15 to 25 ft) of the effluent outfall pipe andas close to the bottom of the ditch as the equipment could reach; (2) thesecond pit was located approximately 30 m (98 ft) down the ditch from thefirst pit, and (3) the third pit was located 49.4 m (162 ft) down the ditchfrom the second pit.

Samples were collected at four depth intervals and analyses performed onthose samples as follows (Table 4-3):

* 0 to 0.6 m (0 to 2 ft) Appendix IX constituents
e 0.6 to 1.2 m (2 to 4 ft) Radionuclides
* 1.2 to 1.8 m (4 to 6 ft) Appendix IX constituents
* 3 m (10 ft) Appendix IX constituents.

Appendix IX constituents include: inductively coupled plasma (ICP) andatomic absorption (AA) metals, volatile organics (VOA), semi-volatile organics(SVOA), herbicides, organophosphate pesticides, and polychlorinated biphenyls(PCB) and pesticides. The results for all the VOA, SVOA, herbicides,pesticides, and PCBs were below the detection limit for each analyte. Metalresults varied within the test pits, so all the depth interval results wereaveraged for inclusion in Table 4-3. Since only one depth interval wassampled for radionuclides, those results were reported as is.

4.4.1.1 Nonradioactive Constituents. Only two constituents exceeded thegiven background values: lead and zinc. Lead values ranged from 12.5 to38.6 mg/kg. Background for lead on the Hanford Site is 11.88 mg/kg. Leadconcentrations are highest in the middle test pit, which suggests that at onetime there was enough effluent discharged to the 216-T-1 Ditch to transportmaterials farther down the ditch than under current conditions.
Concentrations are lowest at the head-end of the ditch, and this may bebecause inflow of relatively "clean" recent effluent has flushed the soilcolumn of residual contaminants. Zinc results ranged from 34.7 to 165 mg/kg.Background values are 71.8 mg/kg for the Hanford site. Zinc concentrationswithin the ditch are similar to lead, with the highest concentrations in themiddle test pit and the lowest concentrations present at the head-end. Thisis most likely caused by the same process described above.

'Liquid sodium and lithium were "reacted" and dissolved in water beforedisposal (Nickels et al. 1991).
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Table 4-3. Constituents Analyzed - Test Pit qam linn f i1
p U M a W1 6-T-1 Ditch Test HItS. (2 sheets)Constituent Pit No. 1' Pit No. 2b Pit No. 3c Units 90UCL d EX Background EX

Aluminum 5,293 3,935 3,833 mg/Kg 13,400 N 82,000 ppm
Americium-241 0.00 0.01 0.00 pCi/g --- ---
Antimony 2.7 U 3.4 B 3.4 mg/Kg --- 0.2 ppm
Arsenic 2.0 1.8 1.3 mg/Kg 1.27 N 1.8 ppm
Barium 51.8 75.0 57.6 mg/Kg 148 N 425 ppm
Beryllium 0.44 B 0.41 B 0.32 B mg/Kg 1.58 N 2.8 ppm
Cadmium 0.20 B 0.82 B 0.55 B mg/Kg --- 0.2 ppm
Calcium 9,953 7,165 4,427 mg/Kg 19,500 N 41,500 ppm
Cesium-137 4.81 102 36.2 pCi/g --- ----
Chromium 5.7 4.0 5.8 mg/Kg 22.2 N 100 ppm
Cobalt 6.5 8.1 5.6 mg/Kg 17.5 N 25 ppm
Cobalt-60 0.00 0.01 -0.00 pCi/g --- ---
Copper 14.3 22.9 19.3 mg/Kg 24.5 N 55 ppm
Iron 14,533 16,475 11,957 mg/Kg 35,150 N 56,300 ppm
Lead 12.5 38.6 12.1 mg/Kg 11.88 Y 12.5 ppm
Magnesium 3,803 3,705 2,797 mg/Kg 7760 N 23,300 ppm
Manganese 245 249 172 mg/Kg 549 N 950 ppm
Nickel 9.4 848.4 mg/Kg 21.6 N 75 ppm
Plutonium-238 0.00 0.00 0.00 pCi/g --- ----- -

Plutonium- 0.05 0.08 0.00 pCi/g --- ----- -

239/240 _______

Potassium 1.002 660 620 mg/Kg 22,550 N 20,900 ppm
Radium-224 0.62 0.58 0.72 pCi/g --- ----- -

Radium-226 0.48 0.41 0.52 pCi/g ------ -

CO
00



Table 4-3. Constituents Analyzed - Test Pit Sampling Data for 216-T-1 Ditch
Constituent Pit No. 18 Pit No. 2 b Pit No. 3c Units 90PUCL d

Radium-228 0.69 --- 0.65 pCi/g
Selenium 0.19 U 0.19 U 0.19 U mg/Kg ---
Silver 0.40 U 0.40 U 0.40 U mg/Kg 1.1
Sodium 336 197 135 mg/Kg 721-887
Strontium-90 0.19 0.28 0.10 pCi/g ---
Technetium-99 -0.12 0.02 0.27 pCi/g ---
Thallium 0.16 U 0.16 U 0.16 U mg/Kg --- _

Test Pits. (2 sheets)

I-'- B ---- - E
-)

0.07 ppm
23,600 ppm

N

N

- 20.045 ppm
urdriium-2q 0.87 0.86 0.57 pCi/g ---
Uranium-235 0.07 0.04 0.03 pCi/g --- --

Uranium-238 0.81 0.80 0.76 pCi/g ---
Vanadium 18.6 25.0 16.4 mg/Kg 94.9 N 135 ppm
Zinc 34.7 165 52.8 mg/Kg 71.8 Y(I) 70 ppm
Gross alpha 6.57 6.51 10.7 pCi/g ---
Gross hta 3 22 -

.1

__ _ _ __ _g__ _ -:Results from test pit No. 1, HEIS Sample Numbers: B09GJ8, B09GK4, B09GLO, and BO9GK1bResults from test pit No. 2, HEIS Sample Numbers: B09GJ9/BO9GY5(Duplicate), B09GK5, B09GK3,
CResults from test pit No. 3, HEIS Sample Numbers: B09GY6, B09GKO, B09GZ1, and B09GK6.90th Percentile Upper Confidence Limit; DOE-RL 1994, Hanford Environmental Information System(HEIS): Volume 2 Operator's Guide, DOE/RL-93-24-2, U.S. Department of Energy, Richland OperationsOffice, Richland, Washington.
'Bowen, H. J. M., "Trace Elements in Biochemistry", Academic Press, Inc., New York, NY, 241 pp.EX = Exceed 90th Percentile UCL or Background.

ChJ M
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BakgroundEX
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4.4.1.2 Radioactive Constituents. Most of the reported radionuclide results
were near detection limits except for cesium-137, gross beta, and the
naturally occurring isotopes of uranium and radium. Concentrations of the
latter were consistent with natural background levels for uranium-238,
radium-226, and thorium-232 (e.g., 0.7 to 1.1 pCi/g) as reported for Columbia
River sediment collected from behind Priest Rapids Dam (located just upstreamfrom the northern boundary of the Hanford Site) and within the Hanford Reach(Peterson and Johnson 1992). Cesium-137, a beta-gamma emitter, was reported
at levels of 102 and 36 pCi/g in Test Pits Number 2 and 3, respectively, ascompared to a Priest Rapids Dam mean value (global fallout) of 0.3 ±0.02
(n - 4) (Peterson and Johnson 1992). The much higher concentrations ofcesium-137 than strontium-90 (<0.3 pCi/g) in the pit samples may reflect thegreater mobility of strontium-90; i.e., downward migration due to continued
discharge of relatively uncontaminated wastewater.

The gross alpha results (Table 8) can be accounted for with thenaturally occurring alpha emitters; uranium/thorium decay series radionuclidesthat include the alpha emitting isotopes of radium, as well as other
"daughters" or decay products.

4.4.2 Split-Spoon Samples

Several split-spoon samples were taken during drilling of monitoring
well 299-W11-37 at the 216-T-1 Ditch. These samples were collected fromspecific intervals to aid in determining sediment properties, soil columncharacteristics, and geologic parameters. In addition, samples were submittedfor chemical analysis. Table 4-4 lists the sample intervals, numbers, andcorresponding analytical parameters.

Samples were collected at 11 depth intervals and analyzed for
Appendix IX, ICP/AA metals, and radionuclides or just ICP/AA metals andradionuclides. Results of these analyses are summarized in Table 4-5.

4.4.2.1 Nonradioactive Constituents. Only two constituents exceeded thegiven background values and only in one depth interval each; those
constituents are calcium and chromium. Calcium exceeds the background valueof 19,500 mg/kg in the 29.3 to 29.9 m (96 to 98 ft) interval, where it had aconcentration of 23,400 mg/kg. The predicted depth of penetration of calciumfor this site (Section 5.2.3) was approximately 26 m (85.3 ft) deep in thesoil column. Chromium exceeds the background value of 22.2 mg/kg in the 74.4to 74.7 m (244 to 245 ft) interval, where it had a concentration of
42.5 mg/kg. The predicted travel time for chromium (hexavalent) at this sitesuggests chromium should have broken through to groundwater within a year
(Section 5.2.3). It is uncertain what mechanisms are controlling the movementof chromium through the soil column, as there are a couple of depths whereconcentrations appear to be somewhat higher than expected, although they donot exceed the background value of 22.2 mg/kg.

4.4.2.2 Radioactive Constituents. Most of the reported results for theradionuclides of interest in the split spoon samples (Table 10) were eitherequivalent to natural background levels (e.g., uranium and thorium decayseries radionuclides, gross alpha and gross beta; see Section 4.4.1.2
discussion), or were at or below detection limits. The few reported
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Table 4-4. Split-Spoon Sediment Samples from
Well 299-Wll-37 at the 216-T-1 Ditch.

Sample number(s) Depth sampled (ft) Types of analyses
B0C890 (N018 - 20 - 22 ICP & AA Metals/Radionuclides

BOC891_(NI_019) 30.5 - 32.5 . ICP & AA MetalsRadionuclides

80C892 (N1052)' 49.5 - 51.5 ICP & AA Metals/Radionuclides

B0C893 (N1053)* 71.5 - 73.5 ICP & AA Metals/Radionuclides

B0C894 (N1054)- 96 - 98 ICP & AA Metals/Radionuclides/
Appendix IX

B0C895 (N )' 126.5 - 128.5 ICP & AA Metals/Radionuclides/
Appendix IX

B0C896_(N_)' 149.5 - 151.5 ICP & AA Metals/Radionuclides

80C897_(N_)' 153 - 155 ICP & AA Metals/Radionuclides

B.C898 . 244 - 245 ICP & AA Metals/Radionuclides

B0C899 (N )' 263 - 265 ICP & AA Metals/Radionuclides/
Appendix IX

BOC8BO N_ ) 290.5 - 292.5 ICP & AA Metals/Radionuclides

Note: For "N" numbers left blank in table, numbers are missing from hardcopy data sheets, and were not available for inclusion in table before documentissuance.
*Vadose zone samples.

**Groundwater zone samples.
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Table 4-5. Constituents Analyzed - Sediment Sampling Data for
Well 299-W1J-37 Split-Spoon Samples. (3 sheets)

Constituent Result' Result" Result' Result' Result* Result' Result' Result' Result' Result' Result' Units
Aluninum 5,490 4,930 2,590 3,830 5,280 4,180 5,140 5,900 4,090 5,320 1,840 mg/Kg
Americium-241 0.005 0.003 0.004 0.003 0.009 0.016 0.004 0.017 0.01 0.118 0.01 pCi/g
Antimony 3.0 U 3.0 U 3.2 3 3.3 U 3.2 U 3.1 U 3.2 U 9.5 3.3 U 3.3 U 4.0 8 mg/Kg
Arsenic 1.9 1.7 1.5 0.93 2.5 1.8 1.3 2.0 0.34 0.69 0.40 mg/Kg
Bariun 57.1 70.3 34.6 56.9 69.1 48.6 80.7 78 46.6 57.4 32.2 mg/Kg
Beryllium 0.42 8 0.39 B 0.24 B 0.27 B 0.41 B 0.26 B 0.40 8 0.24 B 0.32 B 0.48 B 0.21 B mg/Kg
Cadmf un 0.22 B 0.24 U 0.23 U 0.24 U 0.23 U 0.27 B 0.27 B -0.83 0.24 U 0.24 U 0.27 U mg/Kg
Calcium 7,630 9,240 4,230 6,850 23,400 11,700 5,370 5,100 2,390 3,110 7,970 pCi/g
Cesium-137 0.295 0.015 0.004 0.028 0.004 -0.00 0.005 -0.002 -0.003 -0.002 --- mg/Kg
Chromium 9.4 21.3 4.7 5.9 10.4 9.4 14.4 9.8 42.5 18.4 23.7 mg/Kg
Cobalt 7.5 7.4 5.3 4.9 7.0 4.9 8.4 6.1 B 5.7 8.2 3.6 pCi/g
Cobalt-60 0.0003 -0.014 0.008 -0.015 0.02 0.009 -0.009 0.001 0.012 -0.01 -0.002 mg/Kg
Copper 15.1 15.0 10.2 10.9 14.1 10.5 16.8 14 11.2 14.4 6.7 mg/Kg
Iron 16,200 14,600 10,200 11,300 14,000 9,910 16,300 15,000 11,400 16,500 15,000 mg/Kg
Lead 3.0 3.0 2.2 1.8 4.3 2.3 2.2 2.3 3.5 3.0 1.4 mg/Kg
Magnesium 3,850 3,650 1,970 3,130 5,790 3,570 3,820 4,000 2,570 3,150 1,250 mg/Kg
Manganese 245 316 143 187 230 194 255 240 166 207 188 mg/Kg
Mercury 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U Co.10 0.05 U 0.05 U 0.06 U mg/Kg
Nickel 9.6 15.7 4.8 7.6 12.3 9.5 13.8 10 26.2 12.8 12.7 mg/Kg
Plutoniun-238 0.00 0.009 0.00 -0.002 0.00 0.00 0.00 0.026 0.00 0.00 -0.002 pCi/g
Plutonium- -0.002 0.009 0.011 -0.002 0.008 0.00 0.003 0.066 0.00 0.00 0.02 pCi/g239/240
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Table 4-5. Constituents Analyzed - Sediment Sampling Data
Well 299-WII-37 Split-Snoon Samples 13 se+

Constituent Result' Resulth Result' Result' Result' Result' Result' Resulth Result' Result' Resuith Units
Potassium 1.230 1,010 713 970 1,090 1,150 1,030 840 B 750 823 329 U mg/Kg
Radium-224 0.661 0.657 0.549 0.597 1.19 0.661 0.576 0.717 0.842 0.590U pci/g
Radiun-226 0.488 0.482 0.399 0.451 0.801 0.432 0.347 1.01 0.421 0.531 0.367 pCi/g
Radium-228 0.753 0.667 0.615 0.58 1.29 0.634 0.577 0.725 0.796 0.589 pci/g
Seleniun 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 0.06 U 0.89 B 0.15 U 0.15 U 0.17 U mg/Kg
Silver 0.30 U 0.30 U 0.32 U 0.32 U 0.32 U 0.31 U 0.31 U -1.5 0.53 B 0.49 B 0.36 U mg/Kg
Sodium 209 183 144 221 134 120 317 640 B 286 193 117 B mg/Kg
Strontiun-90 0.249 0.108 0.119 0.311 0.559 0.219 0.367 0.02 0.142 0.06 -0.00 pci/g
Technetium-99 0.342 0.072 -0.318 0.667 0.034 -0.009 0.146 0.04 0.381 0.750 0.201 pci/u
ThaLlium 0.13 B 0.10 B 0.11 U 0.11 U 0.13 U 0.10 U 0.10 U <0.83 0.11 U 0.11 U 0.12 U mg/Kg
Uranium-234 0.834 0.734 0.619 0.794 1.08 0.849 0.782 0.83 0.399 0.795 0.371 pCi/g
Uranium-235 0.008 0.046 0.077 0.022 0.09 0.054 0.023 0.165 0.051 0.087 0.023 pci/g
Uranium-238 0.858 0.606 0.798 0.777 1.12 0.704 0.501 0.54 0.613 0.813 0.342 pci/g
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Table 4-5. Constituents Analyzed - Sediment Sampling Data for
Well 299-WI1-37 Split-Spoon Samples. (3 sheets)

Constituent Result' Resul t' Result' Resul t' Result' Result' Result' Result' Result' Result' Result' Units
Vanadium 36.0 33.4 25.8 22.6 41.8 21.9 45.0 34 24.8 40.4 13.6 mg/Kg
Zinc 33.3 30.3 20.0 24.8 29.9 25.9 35.6 34 23.4 36.5 21.6 mg/Kg
Gross alpha 8.59 9.21 10.1 9.51 16.2 13.3 4.23 11.6 7.33 8.13 4.26 pci/g
Gross beta 23.9 21.9 20.7 2.47 27.3 24.7 2.06 19.4 18.3 16.5 15.9 pCi/g

Sample interval 20-22 ft; HEIS Sawple No. *0C890.
Sample interval 30.5-32.5 ft; HEIS Sample No. 30C891.
'Sanple interval 49.5-51.5 ft; HEIS Sample No. B0C892.
dSanple interval 71.5-73.5 ft; HEIS Sample No. B0C893.
*Sanple interval 96-98 ft; HEIS Sanple No. B0C894.
'Sanple interval 126.5-128.5 ft; HEIS Sample No. B0C895.
Sanple interval 149.5-151.5 ft; HEIS Sample No. B0C896.
'Sanple interval 153-155 ft; HEIS Sample No. B0C897.
Sample interval 244-245 ft; REIS Sanple No. B0C898.
Sample interval 263-265 ft; HEIS Sanple No. B0C899.
Sample interval 290.5-292.5 ft; REIS Sanple No. BOC880.8 = Result is from blank contamination.

U = Result at or below detection limit.
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detections were for trace amounts of cesium-137 (0.3 pCi/g) for the uppermost
split-spoon sample depth interval (6.1 to 6.7 m [20 to 22 ft]) and trace
amounts (0.1 to 0.56 pCi/g) of strontium-90 from a depth of 6.1 m (20 ft) anddown to 74.7 m (245 ft). The greater apparent depth of occurrence of traceamounts of strontium-90 than cesium-137 may reflect the greater affinity oflayer silicate or clay mineral phases (smectite clays) for the cesium ion(Cs*) than for the strontium ion (Sr.2). The mechanism for this effectapparently involves isomorphous substitution of Cs* (1.67 A) for potassium(K - 1.33 A) in the crystalline silicate lattice; i.e. the substitution ofcesium for potassium apparently results in fixation of the cesium within thecrystal structure, rather than retention on mineral grain surfaces by simpleor nonspecific ion exchange bonding.

4.5 SUMMARY AND CONCEPTUAL MODEL

Based on the data available, a conceptual model of potential impacts ofeffluent discharges to the 216-T-1 Ditch is summarized in the followingparagraphs and illustrated in Figure 4-15.

" Wastewater discharged to the 216-T-1 Ditch slowly infiltrates thefine sediments in the bottom of the ditch. Once past these finesediments, it moves quickly through the open-framework gravels ofunit I of the Hanford formation. Once it enters the sands and siltysands of unit 2 of the Hanford formation it slows down. If therewere higher rates of flow into the 216-T-1 Ditch, near-saturated
conditions could exist in the lower portion of this unit. Perchedwater and lateral spreading can occur within unit 2 of the Hanfordformation along the Plio-Pleistocene interval in this part of the200 West Area. The intervals contain CaCO3-cemented portions andfine-grained sediments, which allow downward percolating waters toaccumulate.

* Discharges of 221-T Complex (T Plant Head-End) effluent containing
low-level radioactive liquids and various chemicals contributed tothe soil column inventory.

* The mobile constituents of concern (chloride, chromium, fluoride,
nitrate, potassium, sodium, sulfate, technetium-99, and uranium)
have moved through the soil column and broken through to
groundwater. Residual amounts of some constituents can still befound in sediments from this area, but they are all at or near
background concentration levels.

* Once the wastewater moves past the Plio-Pleistocene interval andenters the member of Taylor Flat (Ringold Formation) silts andsands, the constituents have the potential to be adsorbed by finergrained sediments of this stratigraphic unit.
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- Beneath the member of Taylor Flat (Ringold Formation) are thegravels and interbedded sands and silts of unit E of the member ofWooded Island. The water will move through this unit to the watertable easily. The unconfined aquifer occurs within this unit and isfound at approximately 82 m (269 ft) below ground surface. Thedirection of groundwater movement is to the northeast at this site.
* Aluminum, barium, cadmium, calcium, cesium-137, copper, iron, lead,magnesium, manganese, mercury, nickel, plutonium-239, radium,strontium, strontium-90, and zinc discharged to the 216-T-l Ditchwould most likely still be present on the soil column but would nothave broken through to groundwater. Groundwater chemistry resultsthat are above background values are due to upgradient sources.Only aluminum and iron appear to be related to effluent disposal tothe ditch in recent years.

* Uranium, gross alpha, technetium-99, gross beta, nitrate, carbontetrachloride, chloroform, and tritium occur in concentrations abovebackground in the groundwater upgradient and beneath the216-T-1 Ditch. These constituents are present because of past-practice disposal activities in the immediate area and further
upgradient.

The impact assessment presented in Chapter 5.0 addresses these issuesusing a combination of contaminant migration modeling, groundwater samplingand analysis results, and existing groundwater hydraulic data from otherongoing programs.
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5.0 IMPACT ASSESSMENT

As required by Tyler (1991), both hydrologic and contaminant impacts areconsidered for each groundwater impact assessment. Accordingly, hydrologic
factors relevant to the current status of the disposal facility are discussedfirst followed by contaminant transport analysis.

5.1 HYDROLOGIC IMPACTS

Based on current discharges to the 216-T-1 Ditch, impact to the localgroundwater flow regime is minimal. Groundwater flow is to the northeast inthe vicinity of the 216-T-1 Ditch. There are no irregularities in the watertable near the 216-T-1 Ditch. Wastewater discharge to the 216-T-1 Ditch willcease by June 1995.

Effluent discharged to the ditch percolates downward through a multi-layered sequence of sediments. Perched water conditions could occur withinthe Hanford formation, just on top of the Plio-Pleistocene intervalsignificant, which has CaCO3 cementation at this location. However, noperched water conditions were encountered during drilling of monitoringwell 299-W11-37 at this site. There is not enough effluent going into theditch to cause more than near-surface wetting of the ditch soil column (within3 to 4.6 m [10 to 15 ft] of the ditch bottom).

5.2 CONTAMINANT IMPACTS

5.2.1 Analytical Technique

The one-dimensional analytical method described in the Liquid EffluentStudy Final Project Report (WHC 1990b) estimates the rate of moisture andcontaminant movement through the soil column beneath the 216-T-1 Ditch. Themethod considered only flow in the vertical direction and did not allow forlateral spreading, and thus is expected to provide calculated contaminantmigration rates that are more conservative (faster) than those that occurunder natural conditions.

The method used is based on steady-state flow conditions in theunsaturated zone and assumes a unit hydraulic gradient. The basic equationfor any layer of sediments is

t L x B/q (1)

where:

t = time of travel through layer (s)
L = thickness of layer (cm)
0 = moisture content of sediment, related to hydraulic conductivity
q = Darcy velocity or moisture flux in layer (cm/s).
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The total travel time, T, is determined as the summation of the traveltimes for each of the "i" layers:

n
T = E Li x Of/qi (2)
1=1

where n is the number of sediment layers to model a particular disposal site.For transport calculation purposes, the soil column beneath the ditch wast'eated as a four-layer system of 61 m (200 ft) depth in the originalanalytical solution (Section 5.2.2) and as a six-layer system of 90.3 m(296 ft) depth in the revised analytical solution (Section 5.2.3). Figure 5-1illustrates the soil column used in the original analytical solution.Figure 5-2 illustrates the soil column used in the revised analyticalsolution.

The relationship between hydraulic conductivity, K, and moisture content,0, is described graphically in Figure 5-3. These curves were derivedempirically from laboratory tests on more than 20 different Hanford Sitesediment types and established five major sediment types, as noted inFigure 5-3.

The one-limensional flow analysis embodied in equation 2 was carried outon a Symphony spreadsheet. The total travel time, T, obtained withequation 2 is divided into the vadose zone thickness to provide an estimate ofthe rate of moisture migration from the disposal facility to the groundwater.

To obtain an estimate of the rate of contaminant migration, the computedmoivture migration rate, V was divided by the retardation factor, R, forEat of the contaminants or concern. The R values were estimated using Kdvalues (or R values) selected from Ames and Serne (1991) for neutral pH,low-salt, an low-organic content effluent conditions and the followinggeneralization for Hanford Site soils:

Rf = 1 + Kd (3)

The constant, 5, in equation 3 accounts for the average porosity and bulkdensity of Hanford Site soils. Where appreciable amounts of gravel arepresent, the second term in the above equation should be multiplied by:

(1-%gravel present)/100 (4)
to account for the reduced surface area (i.e., sorption tests on Hanford Sitesoils have been typically conducted on the sand-size fraction, <2 mm[<0.08 in.]).

The effluent discharge rate, as described previously, was entered asliters per month in the spreadsheet computational method. Effluent volumes

'Symphony is a registered trademark of the Lotus Development Corporation.
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Figure 5-1. Lithology of Well 299-W11-14 Southwest
of the 216-T-1 Ditch (WHC 1990b).
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Figure 5-2. Lithology of Well 299-W11-37 at the 216-T-1 Ditch.
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Figure 5-3.
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through 1987 listed in the Waste Stream Characterization Report (WHC 1989),were updated to include 1988 and 1989 data for the Liquid Effluent Study Final
Project Report (WHC 1990b); the same average infiltration rate was also
assumed for the time period subsequent to 1989. The total volume (liters) was
divided by the corresponding operating period (months) to establish an average
rate of inflow (liters per month). This effluent discharge rate was divided
by the ditch area to obtain an estimate of the average infiltration rate.
More details and an illustrative example for application of the overall
computational approach are provided in WHC (1990b).

5.2.2 Results of Original Analytical Solution

The following discussion summarizes the results from the Liquid Effluent
Study Final Project Report (WHC 1990b).

Based on general effluent characteristics and corresponding sorption
parameters (Section 5.2.1) for the key constituents identified in Table 5-1,
the calculated migration rates in the vadose zone (Table 5-2), listed most
mobile to least mobile, are as follows:

* 0.12 cm/day (0.05 in/day) for aluminum
* 0.08 cm/day (0.03 in/day) for lead
* 0.05 cm/day (0.02 in/day) for iron and manganese.

The analytical solution predicts breakthrough of aluminum in 166 years,
of lead in 249 years, and of iron and manganese in 416 years. Based on these
results, all of the constituents listed above would most likely still be
retained on the soil column.

5.2.3 Results of Revised Analytical Solution

Based on general effluent characteristics and corresponding sorption
parameters (Section 5.2.1) for the key constituents identified in Table 5-3,
the calculated (average) migration rates in the vadose zone (Table 5-4),
listed most mobile to least mobile, are as follows:

* 24 cm/day (9.4 in/day) for chloride, chromium, fluoride, nitrate,
sulfate, and technetium-99

* 2.4 cm/day (1.0 in/day) for uranium

e 1.2 cm/day (0.5 in/day) for potassium and sodium

* 0.2 cm/day (0.1 in/day) for aluminum, barium, cadmium, calcium,
copper, lead, magnesium, mercury, nickel, plutonium-239, radium,
strontium, strontium-90, and zinc

e 0.10 cm/day (0.04 in/day) for cesium-137, iron, and manganese.
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Table 5-1. Effluent Stream Sampling Data for T Plant
Laboratory Wastewater (WHC 1990a).

Detection/ SampleKey constituents Detection limita analyses concentration
(90% CI)a

12/85 to 08/86, During Wastewater 1 -- Plasma Torch Operation
Aluminum NA 3/3 270

Iron 30 3/3 1,100
Lead 5 1/3 160

Manganese 5 3/3 620
12/86 to 03/88, During Wastewater 2 -- Plasma Torch Standby

Aluminum NA 3/4 1,200
Manganese 5 4/4 180

Lead 5 4/4 56
Iron 30 4/4 2,800

10/89 to 03/90, During Wastewater 1
Aluminum NA ND ND

Iron 30 1/1 125b

Lead 5 ND ND
Manganese 5 1/1 45b

10/89 to 03/90, During Wastewater 2

Aluminum NA 1/4 182
Manganese 5 4/4 181

Lead 5 1/4 job

Iron 30 4/4 397
aUnits: Chemical - parts per billion (ppb).Concentrations below Group A study guidelines (WHC 1990a,Appendix A); values given for comparison purposes.
CI - Confidence interval.
NA = Not available.
ND = Not detected.
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Table 5-2.
Liquid

Analytical Solution for the 216-T-1 Ditch from the
Effluent Study Final Project Report (WHC 1990b).

Disposal Rate Aria f, Layer
facility (L/month) (m ) infiltration rate number

(cm/s)

216-T-1 3.35 E+05 502 2.54 E-05 1Ditch 2
3
4

Thickness (m) Soil type Os Ks 0

27 A 0.5 5.0 E-03 0.166 B 0.5 1.0 E-03 0.20
11 D 0.4 1.0 E-04 0.29
29 A 0.5 5.0 E-03 0.16
73

Moisture q t T Estimated
state (cm/s) (s) (d) moisture

migration
(cm/d)

Unsaturated 2.54 E-05 1.70 E+07
Unsaturated 2.54 E-05 4.72 E+06
Unsaturated 2.54 E-05 1.25 E+07 607 12.0
Unsaturated 2.54 E-05 1.82 E+07

5.25 E+07

Constituent Rf Estimated Contaminant transport to
(retardation contaminant water table (year)

factor) migration
(cm/day)*

Aluminum 100 0.12 166
Iron 250 0.05 416
Lead 150 0.08 249

Manganese 250 0.05 416

*Considering
solution, no more
interpretation of
and are left here
given constituents

the uncertainties in the input parameters for this
than one significant figure is justified in
these results; additional figures are computer generated
to illustrate the small differences between numbers for
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Table 5-3. Revised List of Key Constituents.

Key constituent Key constituent

Aluminum Mercury

Barium Nickel

Cadmium Nitrate

Calcium Plutonium-239

Cesium-137 Potassium

Chloride Radium

Chromium Sodium

Copper Strontium

Fluoride Strontium-90

Iron Sulfate

Lead Technetium-99

Magnesium Uranium

Manganese Zinc
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Table 5-4. Revised Analytical Solution
(2 sheets)

for the 216-T-1 Ditch.'

82

Disposal Rate Area (m2) f, Layer number
facility (L/month) infiltration

rate (cm/s)

216-T-1 Ditch 3.31 E+05 46.45 2.72 E-04 1
2
3
4
5
6

Thickness (m) Soil type O. K, 0

1.5 D 0.4 1.0 E-04 0.4
14.9 F2  0.3 2.0 E-03 0.3
13.5 A 0.5 5.0 E-04 0.5
11.5 E 0.4 5.0 E-05 0.4
4.9 B 0.5 1.0 E-03 0.5

44.0 F2  0.3 2.0 E-03 0.3
90.3

Estimated
Moisture q t T moisture
state (cm/s) (s) (d) migration

(cm/d)
Saturated 1.0 E-04 6.00 E+05
Saturated 1.0 E-04 4.47 E+06
Saturated 1.0 E-04 6.75 E+06 371 24.3
Saturated 1.0 E-04 4.60 E+06
Saturated 1.0 E-04 2.45 E+06
Saturated 1.0 E-04 1.32 E+07



WHC-EP-0814

Table 5-4. Revised Analytical Solution for the 216-T-1 Ditch.'
(2 sheets)

Constituent R Estimated Contaminant transport to
(retardation contaminant water table (year)

factor) migration
(cm/day)3

Aluminum 100 0.24 101Barium 125 0.19 127Cadmium 150 0.16 152Calcium 100 0.24 101Chloride 1 24.33 1
Chromium 1 24.33 1Fluoride 1 24.33 1Iron 250 0.10 254Lead 150 0.16 152Magnesium 100 0.24 101Manganese 250 0.10 254Mercury 150 0.16 152Nickel 150 0.16 152Nitrate 1 0.16 1Potassium 20 1.22 20Sodium 20 1.22 20Strontium 125 0.19 127Sulfate 1 24.33 1
Uranium 10 2.43 10Zinc 150 0.16 152Cesium-137 250 0.10 254Plutonium-239 125 0.19 127Radium 125 0.19 127Strontium-90 125 0.19 127Technetium-99 1 24.33 1
1This solution differs from the Table 4-8 solution in that it looksat the ditch as a "pond" covering the first 15 m (50 ft) of ditch length,and it uses six layers of sediment (based on the monitoring well299-W1l-37 geology) instead of the four originally used.Soil Type F is a new type designation and is in addition to theoriginal five types discussed in WHC (1990b, Figure B-1). See Figure 5-3for dytail information.
Considering the uncertainties in the input parameters of thissolution, no more than one significant figure is justified ininterpretation of these results; additional figures are computergenerated and are left here to illustrate the small differences betweennumbers for given constituents.
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Computed travel times, or the time for breakthrough of the constituents
to occur, are listed as follows:

* 1.0 year for chloride, chromium, fluoride, nitrate, sulfate, and
technetium-99

0 10 years for uranium

* 20 years for potassium and sodium

* 101 years for aluminum, calcium, and magnesium

* 127 years for barium, plutonium-239, radium, strontium, and
strontium-90

e 152 years for cadmium, copper, lead, mercury, nickel, and zinc

* 254 years for cesium-137, iron, and manganese.

Based on these results, the following constituents would most likely
still be retained on the soil column: aluminum, barium, cadmium, calcium,
cesium-137, copper, iron. lead, magnesium, manganese, mercury, nickel,
plutonium-239, radium, strontium, strontium-90, and zinc.

5.2.4 Actual Field Conditions and Indications

5.2.4.1 Expected Depth Distribution of Contaminants. As noted, many of theconstituents of interest should still be present on the soil column (see
Sections 4.4.1 and 4.4.2). They would most likely be found 10 to 26 m (32.8
to 85.3 ft) in depth. Limited amounts of relatively "clean" effluent could
potentially drive them further down in the soil column, but since discharge tothe 216-T-1 Ditch is scheduled to cease in June 1995, this would be an
unlikely occurrence.

5.2.4.2 Breakthrough to Groundwater. As discussed in Section 4.5, the mostsignificant expected or potential contamination of groundwater at the
216-T-1 Ditch would be from constituents that have reached the water table.
Of the constituents of concern previously identified, only chloride, chromium,
fluoride, nitrate, potassium, sodium, sulfate, technetium-99, and uranium
should have broken through to groundwater. Constituents that are seen at
elevated concentrations in the groundwater are: aluminum, carbon
tetrachloride, chloroform, gross alpha, gross beta, iron, nitrate, sulfate,
techketium-99, tritium, and uranium. Aluminum and iron are present in
elevated concentrations in the effluent, which may account for their presence
in groundwater. However, it is likely that most of the other constituents arepresent due to the influence of sources other than the 216-T-1 Ditch. These
constituents are highly mobile species, and they would be present some
distance downgradient from the 216-T-1 Ditch if the ditch had been their sole
source. Using a groundwater transport rate of 0.15 to 0.3 m/day (0.5 to
1 ft/day) to estimate this distance, shows these constituents should be a few
kilometers (miles) downgradient. Some of the downgradient wells in the area
(e.g., 299-W12-1) may have intercepted the hypothetical plume from such a
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release. Chromium, gross beta, and nitrate have shown elevated concentrations
in this well. This may be a result of disposal activities at the T-1 Ditchand/or other upgradient sources of a similar nature.

The groundwater at the 216-T-1 Ditch continues to show somewhat elevatedconcentrations for the above constituents, so it is more likely to assume theyoriginated from upgradient sources. The following is an explanation ofprobable sources for these constituents:

e The carbon tetrachloride is probably from past-practice activities
at the Z Plant Complex (located in the west-central portion of the200 West Area). There is a major carbon tetrachloride plume in the200 West Area from these activities. Chloroform is most likely adegradation product of carbon tetrachloride.

e The uranium/gross alpha and technetium-99/gross beta originate fromother upgradient sources; there is a small plume of uranium/gross
alpha and technetium-99/gross beta in the vicinity of
well 299-WIl-14 and this may be due to nearby T Plant facilities.

- The tritium is also from upgradient sources. The tritium plumepresent in the 200 West Area extends up into the 216-T-1 Ditch area.

* A source for the nitrate and sulfate is more difficult to determine,since there are many potential upgradient sources for theseconstituents, including, but not limited to cribs, ditches, and tankfarms.

5.3 EVALUATION OF MONITORING NETWORK ADEQUACY

5.3.1 Groundwater Monitoring Well Placement

There were no monitoring wells in the immediate vicinity of the216-T-1 Ditch, which necessitated drilling a monitoring well for the ditch aspart of this groundwater impact assessment project. Monitoringwell 299-Wll-37 was located at the head-end of the ditch, approximately 4.6 m(15 ft) in the down stream direction from the ditch outfall pipe, and 1.5 m(5 ft) from the surface contamination area control rope which surrounds theditch. This well was placed on the northeast side of the ditch, which is thedowngradient groundwater flow direction. This location should be ideal fordetecting any contaminants that might come from the ditch. The only otherwell near the ditch is well 299-W11-14, which is located southwest andupgradient from the ditch (see Figure 4-14).
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5.3.2 Reporting of Monitoring Data

All hydrochemical monitoring data are reported in the HEIS database,
which is publicly accessible. Monitoring results for the wells in
216-T-1 Ditch area, for historical data from the 1980's through February 1995
for well 299-W11-14 and data from the 1980s through February 1995 for otherwells, were summarized and used to evaluate the groundwater quality and
chemistry in Section 4.3 (see also Appendices A-1, A-2, and A-3).
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6.0 SUMMARY AND CONCLUSIONS

6.1 GROUNDWATER QUALITY IMPACTS

Effluent data, vadose zone transport predictions, and groundwaterchemistry data suggest the 216-T-1 Ditch has minimal influence on groundwaterquality in the northeastern 200 West Area. Locally the primary groundwatercontaminants are uranium, gross alpha, technetium-99, gross beta, nitrate,tritium, carbon tetrachloride, and chloroform, which are attributed to otherpast practice disposal sites in the vicinity of the 216-T-1 Ditch. The mostlikely sources are the other T Plant disposal facilities located upgradient(south and southwest) from the 216-T-1 Ditch. Other sources of upgradientcontamination are the facilities near Z Plant, which originated the carbontetrachloride and chloroform plumes.

Calculated transport times for constituents of interest in the soilcolumn were varied, suggesting some the constituents should have brokenthrough to groundwater and some are still retained in the soil column.Calculated transport times for chloride, chromium, fluoride, nitrate, sulfate,technetium-99, uranium, potassium, and sodium were less than 20 years.However, there is no conclusive evidence that the constituents listed aboveand present in the groundwater at the 216-T-1 Ditch are due to discharges tothe ditch alone. Based on comparison between the 216-T-1 Ditch effluent andupgradient groundwater contaminant levels, it is likely that the source ofthese constituents is upgradient of the 216-T-1 Ditch.

6.2 HYDROLOGIC IMPACTS

Discharge of water to the 216-T-1 Ditch, under current conditions(December 1994), has an insignificant impact on artificial recharge to thenorthern 200 West Area unconfined aquifer, as evidenced by the smooth surfaceof the water table in the northeastern 200 West Area (i.e., no groundwatermound) (see Figure 4-7).

6.3 CONCLUSIONS

The 216-T-1 Ditch has a low impact on groundwater quality in thenortheastern 200 West Area because of:

- The low effluent flow rate of 8 L/min (4 gal/min)

e The lack of significant amounts of mobile contaminants in the
effluent and present on the soil column

* The limited time remaining before discharges to the ditch cease(June 1995).
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The groundwater monitoring well that was installed at the 216-T-1 Ditchin the summer of 1994 is adequate under current operating conditions
(December 1994), until discharges cease in June 1995. If discharges to the
216-T-1 Ditch continue beyond June 1995, it would be advisable to install
additional groundwater monitoring wells for this site to provide improved
monitoring capabilities.
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GROUNDWATER DATA - FIELD AND LABORATORY RESULTS
FOR WELL 299-W11-37

(MONITORING WELL FOR 216-T-1 DITCH)

The results given on the following pages are from samples collectedduring the summer and fall of 1994, during installation of the monitoring wellfor the 216-T-1 Ditch (299-W11-37). The results are given in table form aswhole sample sets, in the following order of analysis type:

1. Field Analyses (Table AI-2).

a. Field parameters measured at the well head:

- depth to water
- pH
- temperature
- specific conductance (conductivity)
- dissolved oxygen
- oxidation-reduction potential.

b. Field parameters measured in portable field laboratory:

- sulfate - sulfide
- nitrate - nitrite
- total iron - ferrous iron
- total chromium - hexavalent chromium
- copper - phosphate
- chloride - alkalinity.

2. Laboratory Analyses (Table A1-3).

a. Inductively Coupled Plasma (ICP) Metals - Unfiltered and Filtered:
aluminum, antimony, barium, beryllium, cadmium, calcium, chromium,
cobalt, copper, iron, magnesium, manganese, nickel, potassium,
silver, sodium, vanadium, and zinc

b. Atomic Absorption (AA) Metals - Unfiltered and Filtered: arsenic,lead, mercury, selenium, and thallium

c. Anions - Unfiltered: chloride, fluoride, nitrate, nitrite, ortho-phosphate, sulfate, and sulfide

d. Volatile Organics - Unfiltered

e. Semi-Volatile Organics - Unfiltered

f. Herbicides - Unfiltered

g. Organophosphate Pesticides - Unfiltered

h. Pesticides and Polychlorinated Biphenyls (PCBs) - Unfiltered
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i. Radionuclides - Unfiltered: total alpha, total beta, gamma
spectroscopy, Americium-241, Strontium-90, Plutonium-238,
Plutonium-239/240, Uranium-234, Uranium-235, Uranium-238, tritium,
and Technetium-99

j. Total Activity Screening - 222-S Laboratory.

Table Al-1 lists all the samples taken at this well and gives all of theidentification numbers used for each sample set. The following is anexplanation of three of the most common types of sample numbers these sampleswere given.

* HC Number - A number assigned to all samples collected by
Hydrochemistry and Geochemistry personnel performing special
projects. The numbers are assigned in consecutive order and have
the following format:

HC-94-xx

where:
HC - Hydrochemistry
94 - Year sample was taken in
xx = Next consecutive number, starting with 1 and ending with

last number used in a given year.

" HEIS Number - A number generated by Hanford Analytical Services
Management (HASM) and assigned by the Project Scientist/Sampler forsamples being submitted to an offsite laboratory. Numbers aregenerated using a special program (DOE-RL 1994a, 1994b). The numberusually has a six-digit format, using a combination of letters andnumbers.

222-S Laboratory Number - For total activity analysis. This numberhas the following format:

N-xxxx

where:
N = 222-S Laboratory designation

xxxx - next consecutive number in 222-S logbook.

REFERENCES

DOE-RL, 1994a, Hanford Environmental Information System (HEIS): Volume 1User's Guide, DOE-RL-93-24-1, U.S. Department of Energy, RichlandOperations Office, Richland, Washington.

DOE-RL, 1994b, Hanford Environmental Information System (HEIS): Volume 2Operator' Guide, DOE-RL-93-24-2, U.S. Department of Energy, RichlandOperations Office, Richland, Washington.
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Table Al-1. List of Samples Taken at Well 299-W11-37.

Other

HC Number Identifying Description of SampleNumber(s)
(HEIS/222-S)

B09TJO Groundwater at 299-W11-37;
HC-94-9 Depth - 269.34 ft; Date = 8-27-94

N2229

BOC8D9 Duplicate Sample - B09TJO
HC-94-10 N2315 Groundwater at 299-W11-37;

Depth = 269.34 ft; Date = 8-27-94

B09W15 Groundwater at 299-Wl1-37;
HC-94-15 Depth = 268.54 ft; Date = 9-16-94

N2403

B09W16 Split Sample - B09W15
HC-94-16 N2404 Groundwater at 299-W1O-22;

Depth = 268.54 ft; Date = 9-16-94

HC - Hydrochemistry.
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Table A1-2a. Field Results from
f G_ d

Well Head and Portable Field Laboratory
r Youn water Samples iT -94-9 and H-94-10-Duu licate.

SampleDept 269.34 ft Date 8-27-94___________ HT-94-10 (dupl.) YI93 f1 Dt

Location 299-W1I-37 Sampling Method Submersible
_______________Pump

Constituent 1 Results Constituent Results(units) I__ _ (units) _ _ _

_Well Head Measurements
pH 1.78 DO (mg/I) 6.36
Temperature (*C) 23.5 ORP (mY) +181.9
SC (imhos/cm) 591 Turbidity (NTU) 13.55

_______________Portable Field Laboratory Measurements _________

Nitrate (ppb) 4,600 Nitrite (ppb) 13.5

Slae(p)29,000 Sulfide (ppb) ND
Total Chromium <io Hexavalent <10

Chromium (ppb)
Total Fe (ppb) 30 Ferrous Fe (ppb) <10
Chloride pb) 10,000 Alkalinity (ppb) NM
Phosphate (ppb) 117.5 ---_____---__

DO
NM

ORP
SC

NTU
ND

- Dissolved Oxygen.
- not measured.
- Oxidation-Reduction Potential.
- Specific Conductance or Conductivity.
- Nephelometric Turbidity Unit.
- not detected.
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Table A1-2b. Inductively Coupled Plasma and Atomic Absorption
Laboratory Results for Groundwater Samples HT-94-9

and HI-v -.- Duplicate. (2 sheets

HT-94-9 HT-94-10 DLConstituent CAS Number Result Result (pg/L)
(pg/L) (Ag/L)

Aluminum. - Unfiltered U 7429-90-5 34.5 34.5 200
Aluminum2 _ Filtered (F) 7429-90-5 19.0 19.0 200
Antimony' - U 7440-36-0 53.3 30.5 100
Antimony 2 _ F 7440-36-0 19.5 19.5 100
Arsenic3 - U 7440-38-2 5.3 3.0 3.0
Arsenic3 - F 7440-38-2 3.7 3.1 3.0
Barium' - U 7440-39-3 36.4 36.2 200
Barium2 - F 7440-39-3 40.6 40.4 200
Beryllium- U 7440-41-7 0.20 0.20 7.0
Beryllium2 - F 7440-41-7 0.67 0.33 7.0
Cadmium - U 7440-43-9 2.2 2.2 20.0
Cadmium 2 - F 7440-43-9 1.8 1.8 20.0
Calcium' - U 7440-70-2 39,900 40,100 5000
Calcium 2 - F 7440-70-2 52,100 51,500 5000
Chromium' - U 7440-47-3 3.0 3.5 20.0
Chromium 2 

- F 7440-47-3 2.9 2.8 2.0
Cobalt' - U 7440-48-4 3.2 3.2 20.0
Cobalt 2 - F 7440-48-4 2.9 2.9 2.0
Copper' - U 7440-50-8 4.0 3.1 20.0

Copper2 - F 7440-50-8 4.5 4.5 2.0
Iron' - U 7439-89-6 145 99.9 100
Iron 2 - F 7439-89-6 4.9 4.4 100
Lead4 - U 7439-92-1 0.9 0.9 3.0
Lead4 - F 7439-92-1 0.8 0.8 3.0
Magnesium' - U 7439-95-4 13,600 13,600 5000

Al-5
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Table A1-2b. Inductively Coupled Plasma and Atomic Absorption
Laboratory Results for Groundwater Samples HT-94-9

HT-94-9 HT-94-10 DL
Constituent CAS Number Result Result (pg/L)

(sg/L) (/L)_

Magnesium2 - F 7439-95-4 15,900 15,800 5000
Manganese' - U 7439-96-5 128 127 10.0

Manganese2 - F 7439-96-5 159 156 10.0

_Mercury5 - U 7439-97-6 0.11 0.10 0.2
Mercury5 - F 7439-97-6 0.11 0.10 0.2

Nickel - U 7440-02-0 11.4 11.4 40.0
Nicke12 - F 7440-02-0 4.9 4.9 40.0

__________ - U 7440-09-7 4,380 2,710 5000

Potassium2 - F 7440-09-7 4,940 4,870 1000
Selenium6 - U 7782-49-2 1.4 1.4 3.0
Selenium6 - F 7782-49-2 0.73 0.7 3.0
Silver' - U 7440-22-4 3.0 3.0 200
Silver2 - F 7440-22-4 4.2 4.2 200
Sodium - U 7440-23-5 13,400 12,400 1000
Sodium2 - F 7440-23-5 14,100 14,100 1000

Thallium7 - U 7440-28-0 1.2 1.2 3.0
Thallium7 - F 7440-28-0 1.0 1.0 3.0
Vanadium' - U 7440-62-2 33.9 34.1 20.0

Vanadium2 - F 7440-62-2 44.7 38.4 20.0

Zinci - U 7440-66-6 107 107 20.0
Zinc2 - F 7440-66-6 13.9 43.5 20.0

ICP Metals (EPA Method 6010' and EPA CLP ICAP Metals 2)
AA METALS (EPA Methods 70603, 74214, 7470', 77406 , 784 17)
CAS - Chemical Abstract Services.

Metals

A1-6
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Table A1-2c. Anion Laboratory Results for Groundwater
Samples HT-94-9 and HT-94-10-Duplicate.

HT-94-9 HT-94-10 DL
ConsttuentCAS Number Result Result (ptg/L)

(gg/L) (ug/L)
Chloride1  16887-00-6 880 9,800 250
Fluoride1  16984-48-8 100 470 100
Nitrate1  14797-55-8 170 4,700 200
Nitrite, 7632-00-0 20 20 20
o-Phosphatel 7778-77-0 1,000 1,000 1,000
Sul fate' 14808-79-8 9,260 24,700 1,000
Sul fide 2  

18496-25-8 1,770 190 200
Anions (EPA Method 300.01 and Method 90302).
CAS = Chemical Abstract Services.

AI-7
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Table AI-2d. Volatile Organic Laboratory Results for Groundwater
Samples HT-94-9 and HT-94-10-D plicate. (3 sheets)

HT-94-9 HT-94-10 DLConstituent CAS Number Result Result (pg/L)
(sIg/L) (sg/L)

Dichlorodifluoromethane 75-71-8 <5 <5 5

.Chloromethane 74-87-3 .<10 <10 10
Bromomethane 74-83-9 <10 <10 10
Vinyl Chloride 75-01-4 <10 <10 10
Chl oroethane 75-00-3 <10 <10 10

Acrolein 107-02-8 <100 <100 100

Methylene Chloride 75-09-2 '2 <5 5
Acetone 67-64-1 7 3 100
Trichlorofluoromethane 75-69-4 <5 <5 5

Allyl Chloride 107-95-1 <5 <5 5
Carbon Disulfide 75-15-0 <5 <5 5
trans-1,2-Dichloroethene 156-60-5 <5 <5 5
1,1-Dichloroethene 75-35-4 <5 <5 5
Acetonitrile 75-05-8 <100 <100 100
Acrylonitrile 107-13-1 <100 <100 100

Propionitrile 107-12-0 <100 <100 100

1,1-Dichloroethane 75-34-3 <5 <5 5
Iodomethane 74-88-4 <5 <5 5
Chloroform 67-66-3 <5 <5 5

1,2-Dichloroethane 107-06-2 <5 <5 5
2-Chloro-1,3-butadiene 126-99-8 <5 <5 5
Methacrylonitrile 126-98-7 <100 <100 100
2-Butanone 78-93-3 <100 <100 100
Isobutyl Alcohol 78-83-1 <500 <500 500

l,1,1-Trichloroethane 71-55-6 <5 <5 5

A1-8
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Table A1-2d. Volatile Organic Laboratory Results for Groundwater
Samples HT-94-9 and HT-94 1

Constituent

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

-Trichloroethene

1, l,2-Trichloroethane

Benzene

Di bromomethane

trans-1,3-Dichloropropene

Bromoform

1,2-Dibromomethane

1,4-Dioxane

-4-Methyl -2-Pent anone

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Dibromochloromethane

Tol uene

Chlorobenzene

Ethyl benzene

Styrene

- - icate. (3sheets)

HT-94-9 HT-94-10 DL
CAS Number Result Result (pg/L)

(5g/L) (8gL)

56-23-5 79 50

108-05-4 <50S5O5

575-27-4 <

578-87-5 <5 <

1006-015 <

<5 <55

79-01<6 5

9632<5 <5

<5 5

71-43<2 <

<55
10061-02-6

75-25-2

106-93-4

23-91-1

108-10-1

591-78-6 50

127-18-4 <5<

<5-3-5<5
124-48-1

108-88-3

108-90-7

100-41-4

100-42-5 I <5

<5 <5S
5

<55

<5

<500

5

500

<5

<500
<500 <500

I 
t 500

50<50 50

I -- I

<5

<5

<5

<5
<5-! 9. I

<5

<5

<5
<5

<5 5

5

5

5

5

5

AI-9

<5 <5 5

79-34-5 <5 <5

100-42-5 <5

108-05-4 <50 <50 50

75-27-4 <5 5

78-87-5 <5 <5

10061-01-5 <5 <5 5

80-62-6 <5 <5 5

79-01-6 <5 <5 5

97-63-2 <5 <5 5

79-00-5 <5 <5 5

71-43-2 <5 <5 5

74-95-3 <5 <5 5

<5 <5

<5 <5 5

<50 <50 50

591-78-6 <50 50

127-18-4
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Table A1-2d. Volatile Organic Laboratory Results for Groundwater
Samples HT-94-9 and HT-94-10-D-uplicate. (3 sheets)

HT-94-9 HT-94-10 DL
Constituent CAS Number Result Result (pg/L)

(sg/L) (sg/L)

trans-1,4-Dichloro-2-butene 764-41-0 <100 <100 100

Xylenes (total) 1330-20-7 <5 <5 5
Pentachloroethane 76-01-7 <10 <10 10

1,2,3-Trichloropropane 96-18-4 <5 <5 5

1,2-Dibromo-3-chloropropane 96-12-8A <100 <100 100

Volatiles (Method EPA 8240)
CAS - Chemical Abstract Services.
'Value is estimated, because it is below a detection limit.

Al-10
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Table A1-2e. Semi-Volatile Organic Laboratory Results for Groundwater
Samples HT-94-9 and HT-94-10-Duplicate. (5 sheets)

IjHT-94- H-94-10 DLConstituent CAS Number Resul esult (Ag/L)

n-Nitrosodimethylamine 62-75-9- <10 <10 10
_Pyridine 110-86-1 <10 <10 10
Phenol 108-95-2 <10 <10 10

Aniline 62-53-3 <10 <10 10
bis(2-Chloroethyl) Ether 111-44-4 <10 <10 10
2-Chiorophenol 95-57-8 <10 <10 10
1,3-Dichlorobenzene 541-73-1 _<10 <10 10
l,4-Dichlorobenzene 106-46-7 <10 <10 10
Benzyl Alcohol 100-51-6 <20 <20 20
l,2-Dichlorobenzene 95-50-1 <10 <10 10
2-Methylphenol 95-48-7 <10 <10 10

bis(2-Chloroisopropyl) Ether 108-60-1 <10 <10 10
-4-Methy1 henol 65794-96-9 <10 <10 10
-n-Nitroso-di-n-propylamine 621-64-7 <10 <10 10
Hexachloroethane 67-72-1 <10 <10 10
-Nitrobenzene 98-95-3 <10 <10 10

Ispooe78-59-1 <10 <10 10
-2-Nitrophenol 88-75-5 <10 <10 10
-2,4-Dimethylphenol 105-67-9 <10 <10 10
-bis(2-Chloroethoxy)Methane 111-91-1 <10 <10 10
-2,4-Dichlorophenol 120-83-2 <10 <10 10
l1,2,4-Trichlorobenzene 120-82-1 <10 <10 10
-Naphthalene 91-20-3 <10 <10 10
4-Chl oroani 1ine 106-47-8 -<20 <20 20
rHexachlorobutadiene 87-68-3 1 <10 <10 10

Al-11
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Table A1-2e. Semi-Volatile Organic Laboratory Results for Groundwater
Samples HT-94-9 and HT-94-10-Duplicate. (5 sheets)

HT-94-9 HT-94-10 DL
Constituent CAS Number Result Result (Ag/L)

(sg/L) (sg/L)

4-Chloro-3-Methylphenol 59-50-7 <20 <20 20
2-Methylnaphthalene 91-57-6 <10 <10 10
Hexachlorocyclopentadiene 77-47-4 <10 <10 10
2,4,6-Trichlorophenol 88-06-2 <10 <10 10

2,4,5-Trichlorophenol 95-95-4 <10 <10 10

2-Chloronaphthalene 91-58-7 <10 <10 10

_2-Nitroaniline 88-74-4 <50 <50 50
Dimethyl Phthlate 131-11-3 <10 <10 10
Acenaphthylene 208-96-8 <10 <10 10

2,6-Dinitrotoluene 606-20-2 <10 <10 10

3-Nitroaniline 99-09-2 <50 <50 50

Acenaphthene 83-32-9 <10 <10 10

2,4-Dinitrophenol 51-28-5 <50 <50 50

4-Nitrophenol 100-02-7 <50 <50 50

Dibenzofuran 132-64-9 <10 <10 10
2,4-Dinitrotoluene 121-14-L <10 <10 10
Diethylphthlate 84-66-2 <10 <10 10
4-Chlorophenyl Phenyl Ether 7005-72-3 <10 <10 10

Fluorene 86-73-7 <10 <10 10
4-Nitroaniline 100-01-6 <20 <20 20

4,6-Dinitro-2-Methylphenol 534-52-1 <50 <50 50
n-Nitrosodiphenylamine 86-30-6 <10 <10 10
4-Bromophenyl Phenyl Ether 101-55-3 <10 <10 10

Hexachlorobenzene 118-74-1 <10 <10 10
Pentachlorophenol 87-86-5 <50 <50 50

Al-12
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Table A1-2e. Semi-Volatile Organic Laboratory Results for Groundwater
Samples HT-94-9 andHT-94-1O00-Du plicate. (5 sheets)

IjHT-94-9 HT-94-10 DLConstituent jCAS Number Result Result (Ag/L)
(gg/L (ggL)L

Phenanthrene 85-01-8- <10 <10 10
Anthracene 120-12-7 <10 <10 10
di-N-Butylphthlate 84-74-2 <10 <10 10
Fluoranthene 206-44-0 <10 <10 10
_Pyrene 129-00-0 <10 <10 10
Butyl Benzyl Phthlate 85-68-7 <10 <10 10
3,3-Dichlorobenzidine 91-94-1 <20 <20 20
Benzo(a-)Anthracene 56-55-3 <10 <10 10
Chrysene 218-01-9 <10 <10 10
-bis(2-Ethylhexyl)Phthlate- 117-81-7 <10 <10 10
di-N-Octyl1 Phthlate 117-84-0 <10 <10 10
Benzo(b)Fluoranthene 205-99-2 <10 <10 10
Benzo(k)Fluoranthene 207-08-9 <10 <10 10
-Benzo a)Pyrene 50-32-8 _<10 <10 10
I1ndeno(1,2,3-CD)Pyrene 193-39-5 <10 <10 10

-Di benzo(-a, h)Anthracene 53-70-3 <10 <10 10
-Benzo(g,h,i)Perylene 191-24-2 <10 <10 10
-Acetophenone 10383-88-7 <10 <10 10
-2-Acetylaminofluorene 53-96-3 <20 <20 20
-4-Aminobiphenyl 92-67-1 <20 <20 20
-Aramite I 140-57-8A <20 <20 20
-Aramite 11 140'-57-8B <20 <20 20
Chlorobenzilate 510-15-6 <10 <10 10
Diallate I 2303-16-4A <20 <20 20
-Diallate II 2303-16-48 <20 L <20 20

Al-13
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Table A1-2e. Semi-Volatile Organic Laboratory Results for Groundwater
Samples HT-94-9 and HT-94-10-Duplicate. (5 sheets)

HT-94-9 HT-94-10 DLConstituent CAS Number Result Result (Ag/L)
(sg/L) (sg/L)

2,6-Dichlorophenol 87-65-0 <10 <10 10
Dimethoate 60-51-5 <20 <20 20

p-Dimethylaminoazobenzene 60-11-7 <10 <10 10

_7,12-Dimethylenz a)Anthracene 57-97-6 <10 <10 10
3,3-Dimethylbenzidine 119-93-7 <10 <10 10

a,a-Dimethylphenethylalamine 122-09-8 <10 <10 10

1,3-Dinitrobenzene 99-65-0 <20 <20 20
Dinoseb 88-85-7 <20 <20 20
Disulfoton 298-04-4 <10 <10 10

Ethyl Methanesulfonate 62-50-0 <20 <20 20

Famphur 52-85-7 <50 <50 50
Hexachloropropene 1888-71-7 <10 <10 10
Isodrin 465-73-6 <20 <20 20
Isosafrole 120-58-1 <10 <10 10

D-Kepone 143-50-0 <50 <50 50
Methapyrilene 91-80-5 <100 <100 100
3-Methylcholanthrene 56-49-5 <10 <10 10

Methyl Methanesulfonate 66-27-3 <10 <10 10
Methyl Parathion 298-00-0 <10 <10 10
1,4-Naphthoguinone 130-15-4 <10 <10 10
1-Naphthylamine 134-32-7 <10 <10 10
2-Naphthylamine 91-59-8 <10 <10 10
5-Nitro-o-toluidine 99-55-8 <10 <10 10
4-Nitroquinoline-1-oxide 56-57-5 <40 <40 40
n-Nitroso-di-n-butylamine 924-16-3 <10 <10 10

Al-14
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Table A1-2e. Semi-Volatile Organic Laboratory Results for Groundwater
Samples HT-94-9 and HT-94-10-Duplicate. (5 sheets)

HT-94-9 HT-94-10 DLConstituent CAS Number Result | Result (pg/L)
-- .(pg/L) (Ag/L)

n-Nitrosodiethylamine 55-18-5 <20 <20 20
n-Nitrosopiperdine 100-75-4 <20 <20 20
n-Nitrosopyrrolidine 930-55-2 <40 <40 40
Parathion 56-38-2 <10 <10 10
Pentachlorobenzene 608-93-5 <10 <10 10
Pentachloroethane 76-01-7 <10 <10 10
Pentachloronitrobenzene 82-68-8 <20 <20 20
Phenacetin 62-44-2 <20 <20 20
1,4-Phenylenediamine 106-50-3 <100 <100 100
n-Nitrosomethylethylamine 10595-95-6 <10 <10 10
n-Nitrosomorpholine 59-89-2 <10 <10 10
Pronamide 23950-58-5 <20 <20 20
Safrole 94-59-7 <10 <10 10
l,2,4,S-Tetrachlorobenzene 95-94-3 <10 <10 10
2,3,4,6-Tetrachlorophenol 58-90-2 <10 <10 10
Sulfotepp 3689-24-5 <40 <40 40
Thioazin 297-97-2 <20 <20 20
o-Toluidine 95-53-4 <10 <10 10
1,3,5-Trinitrobenzene 99-35-4 <50 <50 50
o,o,o-triethyl 126-68-1 <20 <20 20
Phosphorothioat

Phorate 298-02-2

2-Picoline 109-06-8

Hexachlorophene 70-30-4

Semi-volatiles (Method EPA 8270).
CAS = Chemical Abstract Services.

<10

<10
<10

<100

<10

<10

<100

10

10

100
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Table A1-2f. Herbicide Laboratory Results for Groundwater
Samples HT-94-9 and HT-94-10-Duplicate.

HT-94-9 HT-94-10 DL
Constituent CAS Number Result Result (pg/L)

(ug/L) (Ag/L)

Dal apon 75-99-0 <58 <58 58
Dicamba 1918-00-9 <2.7 <2.7 2.7
MCPA 94-74-6 <2,500 <2,500 2500
MCPP 93-65-2 <1,900 <1,900 1900
2,2-Dichloropropionic acid 120-36-5 <6.5 <6.5 6.5
2,4-D 94-75-7 -<12 <12 12
-2,4,5-TP (Silvex) 93-72-1 <1.1 <1.7 1.7
-2,4,5-T 93-76-5 <2.0 <2.0 2.0
Dinoseb 88-85-7 <0.7 <0.7 0.7

2,4-DB 94-82-6 -<9.1 <9.1 9.1

Herbicides (Method SW 8150).
'AS - Chemical Abstract Services.

A1-16
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Table A1-2g. Organophosphate Pesticide Laboratory Results for Groundwater
Samples HT-94-9 and HT-94-10-Duplicae.

HT-94-9 HT-94-10 DLConstituent CAS Number Result Result (pg/L)
(pg/L) (Ag/L)

Demeton #1 298-03-3A <1.2 <1.2 1.2
Demeton #2 298-03-3B <1.2 <1.2 1.2
Diazinon 333-41-5 <2.0 <2.0 2.0
Disulfoton 298-04-4 <0.7 <0.7 0.7
Methyl Parathion 298-00-0 <1.2 <1.2 1.2
Malathion 121-75-5 <1.1 <1.1 1.1
Parathion 56-38-2 <0.6 <0.6 0.6
Ethion

Azinphos-methyl
563- 12-2<06enrA I L

Organophosphate pesticides (Method EPA 8140).
CAS - Chemical Abstract Services.

Al-17

563-12-2 <0 6 <0 6 0 6

86-50-0 <1.0 <1 0 1 0
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Table A1-2h. Pesticides and Polychlorinated Biphenyls Laboratory
Results for Groundwater Samples HT-94-9 and HT-94-10-Duplicate.

HT-94-9 HT-94-10 DL
Constituent CAS Number Result Result (pg/L)

(sg/L) (sg/L)

al pha-BHC 319-84-6. <0.03 <0.03 0.03
beta-BHC 319-85-7 <0.06 <0.06 0.06
delta-BHC 319-86-8 <0.09 <0.09 0.09
gamma-BHC (Lindane) 58-89-9 <0.04 <0.04 0.04

_Heptachlor 76-44-8 <0.03 <0.03 0.03
Aldrin 309-00-2 <0.04 <0.04 0.04
Heptachlor Epoxide 1024-57-3 <0.83 <0.83 0.83
Endosulfan I 959-98-8 <0.14 <0.14 0.14
Dieldrin 60-57-1 <0.02 <0.02 0.02
4,4-DDE 72-55-9 <0.04 <0.04 0.04

.Endrin 72-43-5 <0.0 <0.06 0.06
Endosulfan II 33213-65-9 <0.04 <0.04 0.04

-4,4-DDD 72-54-8 <0.11 <0.11 0.11
Endosulfan Sulfate 1031-07-8 <0.66 <0.66 0.66
4,4-DDT 50-29-3 <0.12 <0.12 0.12
Methoxychlor 72-43-5 <1.8 <1.8 1.8
Endrin Aldehyde 7421-93-4 <0.23 <0.23 0.23

Chlordane 57-74-9 <0.14 <0.14 0.14

Toxaphene 8001-35-2 <2.4 <2.4 2.4
Arochlor-1016 12674-11-2 <0.65 <0.65 0.65

.Arochlor-1221 11104-28-2 <1.0 <1.0 1.0
Arochlor-1232 11141-16-5 <1.0 <1.0 1.0
Arochlor-1242 53469-21-9 <0.65 <0.65 0.65
Arochlor-1248 12672-29-6 <1.0 <1.0 1.0
Arochlor-1254 11097-69-1 <1.0 <1.0 1.0
Arochlor-1260 11096-82-5 <1.0 <1.0 1.0

Pesticides and polychlorinated biphenyls
CAS - Chemical Abstract Services.

(EPA Method 8080).
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Table A1-21. Radionuclide Laboratory Results for Groundwater Sample HT-94-9. (2 s t

Constituent Result Counting Total Error _ _ _ _ Yield Method Number___Error______ (2o,) MD nt
A 1 2AII

4.36

0.390

0.135

0.135

0.223

0.244

0.276

8.99

8.36

6.41

19.2

25.4

17.0

pCi/L

pCi/L

pCi/L

pCi/L

pCi/LI

pCi/L

pCi/L

pCi/L

pCi/L

pCi/LI

pCi/L

pCi/L

58.7

83.8

83.8

85.2

85.2

85.2

N/A

N/A

N/A

N/A

N/A

N/A

1 . It 1 pCi/L N
Alpha 1.68 1.22 1.24 1.64 pCi/L 10

-12.0 1 .

Beta 23.0 2.71 3.16 J 3.10 jpC i/ j( 10
Strontium

/A
).0

0.0

.5

M- I

Pu-238

Pu-239/40

U-234

U-235

U-238DA

Co-58

Co-60

Cs-137DA

Eu- 152

Eu-154

'I

0
0-

I-.

~0

-u.uJ/I

-0.253

-0.0995

1.36

0.0372

2.08

-0.835

-0.988

-3.72

4.21

0.534

0.0428

0.589

0.141

0.518

0.0988

0.642

4.97_

4.38

4.14

10.0

12.7

9.00

0.0433

0.645

0.141

0.546

0.0989

0.694

4.97

4.38

4.15

10.0

12.7

9.01

RD3302

RD3209

RD3209

RD3234

RD3234

RD3234

RD3219

RD3219

RD3219

RD3219

RD3219

RD3219

RD3219

RD3214

RD3214

ITAS-IT-RS-001

Eu-155

Fe-59
, -

0.0648
0.06480 266n .75______ _ I ./ I PI L 1 96

I 0 266 0 267

11 4-12. 0



Table AI-2i. Radionuclide Laboratory Results for Groundwater Sample HT-94-9. 2 s

Constituent Result 1 oError Ttal Jr JrMDA Units Yield Method Number

Tc-99 103.0 2.04 14.3 2.12 DOLL p~i95.1 RD3205

Tritium 488. 0 J 118.0 j 227.0 I 243.0 pCi/L 97.7 RD4003

Radioisotopes (Method-Lab Specific).
MDA = Minimum detectable activity.

I-.
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Table A1-2i. rad~ Isults Tor Groundwater Sample T- 4-- 2 sheets)______.___ 

(2o sheets
Constituent J Result Counting Error JTotal Error MDA Units Yield Method Number

Am-241 0.221 0.234 0.237 0.279 pCi/L 62.4 RD3302
Pu-238 -0.334 0.620 0.613 0.275 pCi/L 12.5 RD3209

Pu-239/40 0.230 0.230 0.232 0.156 pCi/L 72.5 RD3209
U-234 1.65 0.643 0.681 0.330 pCi/L 67.4 RD3234
U-235 0.0371 0.126 0.126 0. 349 pCi/L 67.4 RD3234

U-238DA 1.61 0.643 0.681 0.249 pCi/L 67.4 RD3234
Co-58 -0.393 4.09 4.09 1.10 _pCi/L N/A RD32 19
Co-60 0.767 5.26 5.26 10.3 pCi/L N/A RD3219

Cs-131DA -8.08 5.01 .5.14 1.27 pCi/I N/A RD3219
Eu-152 -2.99 11.8 11.8 19.1 pCi/I NIA RD3219
Eu-154 8.08 10.4 10.5 24.1 pCi/L N/A RD3219
Eu-155 4.17 8.80 8.81 14.9 pCi/L N/A RD3219
Fe-59 3.32 8.60 8.60 17.9 pCi/I N/A RD3219
Alpha 1.79 1.22 1.24 1.53 pCi/L 100.0 RD3214b e A - 2 9.9 2.95 3.63 2.89 100. 0 ID% +

Beta 9.9 295 2.9 p~iL 10.0 RD321

=

m
-o
0

I-

Table Al-2j Radionuclide Labo t R
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Tbesaul s r Groundatr Sam e -94-10- uplicate. (2 sheets)

Constituent Result JouninEror Total Error MDA Units Yield Method Number

Am-241 0.221 0.234 0.237 0.279 pCi/L 62.4 RD3302
Strontium 0.207 0.282 0.287 0.750 pCi/L 98.9 ITAS-IT-RS-001
Tc-99 114.0 2.12 15.4 2.12 pCi/L 95.1 RD3205
Tritium 484.0 118.0 221.0 243.0 1 pCi/L 9 RD4003

Radioisotopes (Method - Laboratory Specific).
MDA = Minimum detectable activity.

C,

00
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Table AI-3a.

fa" - -16-Se1Lt

Sample Numbers HT-94-15 Date 9-16-94__________ HT-94-16 _(spl it)__I fe

Location 2994W11-37 Sampling Method I Hydrostar* pump
Constituent i Results I Constituent T cResults

(units) I _ _ _ I (units)
SWell Head Measurements

pH 7.88 DO (mg/L) 6.64

Temperature OdC 18.7 ORP(mV) +200.1
SC (sumhos/cm) 356 1__ ---___I_---_

Portable Field Laboratory MeasurementsnCd t
Nitrate (ppb) 4,220 Nitrite (ppb) 54.3

Sulfate (ppb) 26,670 Sulfide (ppb) ND

Total chromium 16.7 Hexavalent 16.7
____________ Chromium (ppb) _________

Total Fe (ppb) 11.7 Ferrous Fe (ppb) <10
Chloride (ppb) 13,600 Alkalinity (ppb) NM
,Copper (ppb) 63.3 Phosphate (ppb) 153.3

*Hydrostar is a trademark of Instrumentation Northwest Incorporated.
DO = Dissolved Oxygen.

ORP = Oxidation-Reduction Potential.
SC - Specific Conductance or Conductivity.
ND - not detected.
NM = not measured.

Field Results from Well Head and
Groundwater Sam lacs HT-9415 dA

Portable Field Laboratory
HT Q4

Al-23
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Table A1-3b. ICP and AA Metals Laboratory
Groundwater a. s Inc UT-94 I dA- anHT-94-16. 2z sheets)

HT-94-15 HT=94-16 DL1/DL2Constituent CAS Number j Result Result (jAg/L)
(LL L)

Aluminum' - Unfiltered 7429-90-5 345 270 200/200

Aluminum2 - Filtered 7429-90-5 36.9 <57 200/200
-Antimony' - U 7440-36-0 30.5 <46 100/60
-Antimony 2 - F 7440-36-0 30.5 <46 100/60
ArseniC 3 _ U 7440-38-2 2.5 <3 3.0/10

-Arsenic 3- F 7440-38-2 2.3 4.2 3.0/10
-Bari um1 - U 7440-39-3 56.8 57 200/200
-Barium 2 _ F 7440-39-3 53.4 50 200/200
Beryllium' - U 7440-41-7 0.51 <1 7.0/5.0
Beryllium 2 - F 7440-41-7 0.20 <1 7.0/5.0
-Cadmium' - U 7440-43-9 2.2 <4 _20.0/5.0

-Cadmium 2- F 7440-43-9 2.2 <4 20.0/5.0-
Calcium1 - U 7440-70-2 40,700 41,000 5000/5000

Cal cium - F 7440-70-2 44,100 41,000 5000/5000

11

Chromium - U 7440-47-3 22.6 21 20.0/10.0
-Chromium 2 -_F 7440-47-3 3.0 <5 2.0/10.0

-Cobalt' - U 7440-48-4 3.2 <10 20.0/50.0
-Cobalt 2- F 7440-48-4 3.2 <10 2.0/50.0
Copper' - U 7440-50-8 22.4 9.1 20.0/25.0
Copper 2 - F 7440-50-8 14.0 <5 2.0/25.0
Iron' - U 7439-89-6 92 810 100/100
-Iron 2 - F 7439-89-6 20.5 <10 100/100
-Lead' 4- U 7439-92-1 0.90 2.5 3.0/3.0
Lead'4 - F 7439-92-1 0.90 <2 3.0/3.0

-Magnesium' - U 7439-95-4 13,200 13,000 5000/5000

Results for

Al-24
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Table A1-3b. ICP and AA Metals Laboratory Results for
Groundwater Samples HT-94-15 and HT-94-16. (2 sheets)

HT-94-15 HT=94-16 DL1/DL2
Constituent jCAS Number Result Result (pg/L)

-- - -- _(jug/L) (Ag/L)

magnesium2  F 7439-95-4' 14,700 13,000 5000/5000
Manganesel - U 7439-96-5 144 140 10.0/15.0
Manganese 2 _ F 7439-96-5 134 130 10.0/15.0

Mercury5 - u 7439-97-6 0.10 0.2 0.2/0.2
-Mercury 5 _ F 7439-97-6 0.10 <0.2 0.2/0.2

Nickel' - U 7440-02-0 13.0 19 40.0/40.0

Nickel2 - F 7440-02-0 13.3 <12 40.0/40.0

Potassium' - U 7440-09-7 4380 4,200 5000/5000

7440-09-7 4090 4,100 1000/5000

-Sele _7782-49-2 0.70 <3 3.0/5.0

-Seleniu F7782-49-2 0.70 <3 3.0/5.0

Silver'_-_U_ 7440-22-4 3.0 <7 200/10.0
-Silver 2- F 7440-22-4 3.0 <7 200110.0
-Sodium' - U 7440-23-5 12,900 15,000 1000/5000
Sodium 2 _ F 7440-23-5 14,700 13,000 1000/5000
Thall1ium7 _ U 7440-28-0 1.4 <4 3.0/10.0
Thallium 7 _ F 7440-28-0 1.4 <4 3.0/10.0

-Vanadium' - U 7440-62-2 26.1 <4 20.0/50.0

-Vanadium 2 _ F 7440-62-2 21.9 <14 20.0/50.0
Zinc' - U 7440-66-6 24.2 35 120.0/20.0
Zinc 2 _ F 7440-66-6 6.8 <10 20.0/20.0

Inductively Coupled Plasma metals (EPA Method 6010
ICAP Metals 2).

Atomic Absorption metals (EPA Methods 70603, 7421',
CAS = Chemical Abstract Services.
DLI - detection limit, first sample.
DL2 = detection limit, second sample-split.

and EPA CLP

7470', 77406, 78417).
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Table A1-3c. Anion Laboratory Results for Groundwater
Samples HT-94-15 and HT-94-16-Split.

HT-94-15 HT-94-16 DL1/DL2Constituent CAS Number Result Result (Ag/L)
(sg/L) (sig/L)

Chloride' 16887-00-6 9,400 9,800 250/20
Fluoride' 16984-48-8 490 560 100/50
Nitrate' 14797-55-8 4,100 3,700 200/20
Nitrite' 7632-00-0 58 56 20/10
o-Phosphate 7778-77-0 <1,000 <43 1,000/100
Sulfate' 14808-79-8 23,900 23,000 1,000/100
Sulfide2  18496-25-8 310 <1000 200/3000

Anions (EPA Method 300.01 and Method 90302).
CAS - Chemical Abstract Services.
DL1 - detection limit, first sample
DL2 - detection limit, second sample-split.

Al-26
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Table Al-3d. Volatile Organic Laboratory Results
- j - L,. to sheets)

CHT-94-15 HT=94-16 DL1/DL2

j__________ ________ (gsg/L) ______

Dichlorodifluoromethane 75-71-8 <5 <5 5/5
Chloromethane 74-87-3 <10 <10 10/10
Bromomethane 74-83-9 <10 <10 10/10
Vinyl Chloride 75-01-4 _<10 <10 10/10
-Chloroethane 75-00-3 <10 <10 10/10_
-Acrolein 107-02-8 <100 <50 100/50
-Methylene Chloride 75-09-2 <5 <5 5/5
-Acetone 67-64-1 <100 <100 100/100
Trichlorofluoromethane 75-69-4 <5 -<5 5/5
Allyl Chloride 107-95-1 <5 <20 5/20
-Carbon Disulfide 75-15-0 <5 <5 5/5
-trans-1,2-Dichloroethene 156-60-5 <5 <5 5/5
-1,1-Dichloroethene 75-35-4 <5 <5 5/5
Acetonitrile 75-05-8 <100 <10 100/10
-Acrylonitrile 107-13-1 <100 <15 100/15
Propionitrile 107-12-0 <100 <5 100/5
lI,l-Dichloroethane 75-34-3 <5 <5 5/5
Iodomethane 74-88-4 <5 <5 5/5
-Chloroform 67-66-3 7 5.5 5/5
l1,2-Dichloroethane 107-06-2 <5 <5 5/5
-2-Chloro-1,3-butadiene 126-99-8 <5 <10 5/10
-Methacrylonitrile 126-98-7 <100 <20 100/20
2-Butanone 78-93-3 <100 <50 100/50
Isobutyl Alcohol 78-83-1 <500 <250 500/250

Il,1,1-Trichloroethane 71-55-6 <5 <5 5/5

for Groundwater

Al-27
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Table Al-3d. Volatile Organic Laboratory Results
Sam-les HT-94-15 And UT-94-16-SCi 14 1

. ee s . ---- ' .

HT-94-15 HT=94-16 DL1/DL2
Constituent CAS Number Result Result (Ag/L)

(Ag/L) (Ag/L)

Carbon Tetrachloride 56-23-5 50 38 5/5

"Vinyl Acetate 108-05-4 <50 <10 50/10

Bromodichioromethane 75-27-4 <5 <5 5/5

1,2-Dichloropropane 78-87-5 <5 <5 5/5
cis-1,3-Dichloropropene 10061-01-5 <5 <5 5/5

Methyl methacrylate 80-62-6 <5 <20 5/20

Trichioroethene 79-01-6 <5 <5 5/5

Ethyl methacrylate 97-63-2 <5 <20 5/20
-1l,2-Trichloroethane 79-00-5 <5 <5 5/5

Benzene 71-43-2 <5 <5 5/5
_Dv- omomethane 74-95-3 <5 <5 5/5
trans-1,3-Dichloropropene 10061-02-6 <5 -<5 _5/5
-Bromoform 75-25-2 <5 <5 5/5

l1,2-Dibromomethane 106-93-4 <5 <5 5/5

-1,4-Dioxane 23-91-1 <500 <150 500/150
4-Methyl-2-Pentanone 108-10-1 <50 <50 50/50

2-Hexanone 591-78-6 <50 <50 50/50

Tetrachloroethene 127-18-4 <5 <5 5/5

l1,1,2,2-Tetrachloroethane 79-34-5 <5 <5 5/5

-Dibromochloromethane 124-48-1 <5 <5 5/5
Toluene 108-88-3 <5 <5 5/5

Chlorobenzene 108-90-17 <5 <5 5/5

-Ethyl benzene 100-41-4 <5 <5 5/5
Styrene 100-42- 5 _<5 <5 5/5
rtrans-1,4-Dichloro-2-butene 764-41-0 <100 <5 100/5

for Groundwater
h, +
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Table Al-3d. Volatile Organic Laboratory Results
V .0 sheets)

HT-94-15 HT-94-16 DLI/DL2
Constituent ICAS Number Result Result (pg/L)

Xylenes (total) 1330-20-7 <5 <5 5/5
Pentachloroethane 76-01-7 <5 <20 10/20
1,2,3-Trichloropropane 96-18-4 -<5 <5 5/5

1,2-Dibromo-3-chloropropane 96-12-8A <100 <5 100/5
1,1,1, 2-Tetrachl oroethane 630-20-6 ___________

Volatiles (Method EPA 8240).
CAS - Chemical Abstract Services.
DL = detection limit, first sample.
DL2 - detection limit, second sample-split.

for Groundwater
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Table AI-3e. Semi-Volatile Organic Laboratory Results for Groundwater
Samples HT-94-15 and HT-94-16-Split. (6 sheets)

HT-94-15 HT=94-16 DLI/DL2CAS Number Result Result (Ag/L)

n-Nitrosodimethylamine 62-75-9' <10 <20 10/20

Pyridine 110-86-1 <10 <50 10/50
Phenol 108-95-2 <10 <20 10/20

Aniline 62-53-3 <10 <30 10/30
bis(2-Chloroethyl) Ether 111-44-4 <10 <20 10/20
-2-Chloro phenol 95-57-8 <10 <40 10/40
1,3-Dichlorobenzene 541-73-1 <10 <5 10/5
l,4-Dichlorobenzene 106-46-7 <10 <5 10/5
Benzyl Alcohol 100-51-6 <20 <25 20/25
l,2-Dichlorobenzene 95-50-1 <10 <5 10/5
2-Methyl phenol 95-48-7 <10 <30 10/30
bis(2-Chloroisopropyl) Ether 108-60-1 <10 <20 10/20
-4-Methyl phenol 65794-96-9 <10 <100 10/100
n-Nitroso-di-n-propylamine 621-64-7 <10 <30 10/30
Hexachloroethane 67-72-1 <10 <20 10/20
Ni trobenzene 98-95-3 <10 <20 10/20
I sophorone 78-59-1 <10 <20 10/20
2-Nitrophenol 88-75-5 <10 <30 10/30
2,4-Dimethylphenol 105-67-9 <10 <30 10/30
bis(2-Chloroethoxy)Methane 111-91-1 <10 <30 10/30
2,4-Dichlorophenol 120-83-2 -<10 <30 10/30
l,2,4-Trichlorobenzene 120-82-1 <10 <5 10/5
Naphthal ene 91-20-3 _<10 <10 10/10
4-Chloroaniline 106-47-8 _<20 <30 20/30
Hexachlorobutadiene 87-68-3 <10 I <10 10/10

Al-30
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Table A1-3e. Semi-Volatile Organic Laboratory Results for Groundwater
Samples HT-94-15 and HT-94-16-Split. (6 sheets)

HT-94-15 HT-94-16 DL1/DL2Constituent CAS Number Result Result (pAg/L)
----- (pg/L) (gL

4-Chloro-3-Methylphenol 59-50-7 <20 <30 20/30
2-Methylnaphthalene 91-57-6 <10 <20 10/20
Hexachlorocyclopentadiene 77-47-4 <10 <10 10/10
2,4,6-Trichlorophenol 88-06-2 <10 <30 10/30
2 ,4,5-Trichlorophenol 95-95-4 <10 <40 10/40
2-Chloronaphthalene 91-58-7 <10 <10 10/10
2-Nitroaniline 88-74-4 <50 <50 50/50

Dimethyl Phthlate 131-11-3 <10 <20 10/20
Acenaphthylene 208-96-8 <10 <10 10/10
2,6-Dinitrotoluene 606-20-2 <10 <10 10/10
3-Nitroaniline 99-09-2 <50 <50 50/50
Acenaphthene 83-32-9 <10 <10 10/10
2,4-Dinitrophenol 51-28-5 <50 <50 50/50
4-Nitrophenol 100-02-7 <50 <50 50/50
Dibenzofuran 132-64-9 <10 <10 10/10
2,4-Dinitrotoluene 121-14-2 <10 <10 10/10
Diethylphthlate 84-66-2 <10 <10 10/10
4-Chlorophenyl Phenyl Ether 7005-72-3 <10 <10 10/10
Fluorene 86-73-7 <10 <10 10/10
4-Nitroaniline 100-01-6 <20 <50 20/50
4,6-Dinitro-2-Methylphenol 534-52-1 <50 <50 50/50
n-Nitrosodiphenylamine 86-30-6 <10 --- 10/--
4-Bromophenyl Phenyl Ether 101-55-3 <10 --- 10/--

Hexachlorobenzene

Pentachlorophenol
* <I % U

87-86-5 <50- h I

<10

<50
<50

10/10

50/50

Al-31
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Table A1-3e. Semi-Volatile Organic Laboratory Results for Groundwater
Samples HT-94-15 and HT-94-16-Split. (6 sheets)

HT-94-15 HT=94-16 DL1/DL2Constituent CAS Number Result Result (Ag/L)
(sg/L) (Ag/L)

Phenanthrene 85-01-8 <10 <10 10/10
Anthracene 120-12-7 <10 <10 10 10
di-N-Butylphthlate 84-74-2 <10 4.2__,_ 10/10

Fluoranthene 206-44-0 <10 <10 10/10
Pyrene 129-00-0 <10 <10 10/10

Butyl Benzyl Phthlate 85-68-7 <10 <10 10/10
3,3-Dichlorobenzidine 91-94-1 <20 <40 20/40
Benzo(a)Anthracene 56-55-3 <10 <10 10/10

Chrysene 218-01-9 <10 <10 10/10
bis(2-Ethylhexyl)Phthlate 117-81-7 3 <30 10/30

di-N-Octyl Phthlate 117-84-0 <10 <10 10/10
Benzo(b)Fluoranthene 205-99-2 <10 <10 10/10
Benzo(k)Fluoranthene 207-08-9 <10 <10 10/10

Benzo(a)Pyrene 50-32-8 <10 <10 10/10
Indeno(1,2,3-CD)Pyrene 193-39-5 <10 <10 10/10

Dibenzo(a,h)Anthracene 53-70-3 <10 <10 1010
Benzo(g,h,i)Perylene 191-24-2 <10 <10 10/10
Acetophenone 10383-88-7 <10 <15 10/15
2-Acetylaminofluorene 53-96-3 <20 <20 20/20
4-Aminobiphenyl 92-67-1 <20 <50 20/50

Aramite I 140-57-8A <20 <30 20/30
Aramite II 140-57-8B <20 <30 20/30
Chlorobenzilate 510-15-6 <10 <20 10/20
Diallate I 2303-16-4A <20 <20 20/20
Diallate II 2303-16-48 <20 <20 20 20

Al-32
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Table A1-3e. Semi-Volatile Organic Laboratory Results for Groundwater
Samples HT-94-15 and HT-94-16-Split. (6 sheets)

HT-94-15 HT=94-16 )DL1/DL2
Constituent CAS Number Result Result (Asg/L)

(,2gL) (jL)L
2,6-Dichlorophenol 87-65-0 <10 <30 10/30
.Dimethoate 60-51-5 <20 <10 20/10
.p-Dimethylaminoazobenzene 60-11-7 <10 --- 10/--
7,12-Dimethylbqnza)Anthracene 57-97-6 <10 <10 10/10
3,3-Dimethylbenzidine 119-93-7 <10 <160 10/160
-a,a-Dimethylphenethylalamine 122-09-8 <10 <30 10/30
I1,3-Dinitrobenzene 99-65-0 <20 <10 20/10
Dinoseb 88-85-7 <20 <30- 20/30
-Disulfoton 298-04-4 <10 <20 10/20
-Ethyl Methanesulfonate 62-50-0 <20 <20 20/20
-Famphur 52-85-7 <50 <20 50/20
-Hexachloropropene 1888-71-7 <10 <10 10/10
Isodrin 465-73-6 <20 --- 20/--
-Isosafrol e 120-58-1 <10 <10 10/10
.D-Kepone 143-50-0 <50 --- 50/--
Methapyrilene 91-80-5 <100 <100 100/100
-3-Methylcholanthrene 56-49-5 <10 <10 10/10
-Methyl Methanesulfonate 66-27-3 <10 <20 10/20
Methyl Parathion 298-00-0 <10 <20 10/20
1,4-Naphthoguinone 130-15-4 <10 <20 10/20
I-Naphthylamine 134-32-7 <10 <50 10/50
2-Naphthylamine 91-59-8 <10 <50 10/50
S-Nitro-o-toluidine 99-55-8 <10 <30 10/30
4-Nitroquinoline-l-oxide 56-57-5 <40 <20 40/20
n-Nitroso-di-n-butylamine 924-16-3 <10 <20 10/20

Al-33
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Table A1-3e. Semi-Volatile Organic Laboratory Results for Groundwater
Samples HT-94-15 and HT-94-16- Split. (6 sheets)

HT-94-15 HT=94-16 DL1/DL2
Constituent CAS Number Result Result (Ag/L)

(sg/L) (sg/L)

n-Nitrosodiethylamine 55-18-5 <20 <30 20/30

n-Nitrosopiperdine 100-75-4 <20 <20 20/20

n-Nitrosopyrrolidine 930-55-2 <40 <40 40/40
_Parathion 56-38-2 <10 <20 10/20

Pentachlorobenzene 608-93-5 <10 <10 10/10

Pentachloroethane 76-01-7 --- --- 10/--
Pentachloronitrobenzene 82-68-8 <20 <10 20/10

Phenacetin 62-44-2 <20 <30 20/30

1,4-Phenylenediamine 106-50-3 <100 <160 100/160

n-Nitrosomethylethylamine 10595-95-6 <10 <30 10/30
n-Nitrosomorpholine 59-89-2 <10 <40 10/40

Pronamide 23950-58-5 <20 <20 20/20

Safrole 94-59-7 <10 <10 10/10

1,2,4,5-Tetrachlorobenzene 95-94-3 <10 <10 10/10
2,3,4,6-Tetrachlorophenol 58-90-2 <10 <30 10/30

Sulfotepp 3689-24-5 <40 --- 40/--

Thioazin 297-97-2 <20 <20 20/20

o-Toluidine 95-53-4 <10 <30 10/30

1,3,5-Trinitrobenzene 99-35-4 <50 <10 50/10

o,o,o-triethyl Phosphorothioat 126-68-1 <20 <30 20/30

Phorate 298-02-2 <10 <20 10/20
2-Picoline 109-06-8 <10 <30 10/30
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Table A-3e. Semi-Volatile
- - -.LpiL. 16 seets

HT-94-15 HT=94-16 DL1/DL2Constituent CAS Number Result Result (g/L)
(________ (Ag/L) _ ___

Hexachlorophene 70-30-4 <100 <160 100/160
Phthalic Anhydride 85-44-9 --- <1000 -/-

___________ 1000

Diphenylamine 122-39-4 _______ <30 --- 30
"Result is from blank contamination.
byalue is estimated, because it is below a detection limit.
Semi-volatiles (Method EPA 8270).
CAS = Chemical Abstract Services.
DL1 = detection limit, first sample.
DL2 - detection limit, second sample-split.

Organic Laboratory Results for Groundwaterm d UT O4 IC

Al-35



Table A1-3f. Tritium Laboratory Results for Groundwater Samples andHT-94-1 - 6slit.

Constituent-Tritium Result Counting Total MDA Units Yield MethodI_______-error (2a) 1 error- (2or) I___ I I__ [ %)1 number

Sample HT-94-15 j 337.0 114.0 217.0 242.0 pCi/L 97.7 RD3303
Sample HT-94-16 380.0 190.0 -__ 260.0 pCi/L --- _ ?

Radioisotopes (Method - Laboratory Specific).
MDA - Minimum detectable activity.

? = unknown laboratory method number.
I-.

(A)

X
X
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APPENDIX A2

GROUNDWATER DATA - FIELD AND LABORATORY RESULTS
FOR WELL 299-W11-14

(UPGRADIENT WELL FOR 216-T-1 DITCH)
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GROUNDWATER DATA - FIELD AND LABORATORY RESULTS
FOR WELL 299-W11-14

(UPGRADIENT WELL FOR 216-T-1 DITCH)

The results given on the following pages are from a sample collected
during the early fall of 1994, for the purpose of obtaining recent chemistrydata from well 299-W11-14, which is located upgradient from the 216-T-1 Ditch.The results are given in table form as a whole sample set, in the followingorder of analysis type:

1. Field Analyses (Table A2-2).

a. Field parameters measured at the well head:

- depth to water
- pH
- temperature
- specific conductance (conductivity)
- dissolved oxygen
- oxidation-reduction potential
- turbidity.

b. Field parameters measured in portable field laboratory:

- sulfate - sulfide
- nitrate - nitrite
- total iron - ferrous iron
- total chromium - hexavalent chromium
- copper - phosphate
- chloride - alkalinity.

2. Laboratory Analyses (Table A2-3).

a. Inductively Coupled Plasma (ICP) Metals - Unfiltered and Filtered:
aluminum, antimony, barium, beryllium, cadmium, calcium, chromium,
cobalt, copper, iron, magnesium, manganese, nickel, potassium,
silver, sodium, vanadium, and zinc

b. Atomic Absorption (AA) Metals - Unfiltered and Filtered: arsenic,
lead, mercury, selenium, and thallium

c. Anions - Unfiltered: chloride, fluoride, nitrate, nitrite, ortho-
phosphate, sulfate, and sulfide

d. Volatile Organics - Unfiltered

e. Semi-Volatile Organics - Unfiltered

f. Herbicides - Unfiltered

g. Organophosphate Pesticides - Unfiltered

h. Pesticides and polychlorinated biphenyls (PCBs) - Unfiltered

A2-1
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i. Radionuclides - Unfiltered: total alpha, total beta, gamma
spectroscopy, Americium-241, Strontium-90, Plutonium-238,
Plutonium-239/240, Uranium-234, Uranium-235, Uranium-238, tritium,
and Technetium-99

j. Total Activity Screening - 222-S Laboratory.

Table A2-1 lists all the samples taken at this well and gives all of theidentification numbers used for each sample set. The following is an
explanation of three of the most common types of sample numbers these samples
were given.

e HC Number - A number assigned to all samples collected by
Hydrochemistry and Geochemistry personnel performing special
projects. The numbers are assigned in consecutive order and have
the following format:

HC-94-xx

where:

HC - Hydrochemistry.
94 - Year sample was taken.
xx - Next consecutive number, starting with 1 and ending with

last number used in a given year.

* HEIS Number - A number assigned by Hanford Analytical Services
Management (HASM) for samples being submitted to an offsite
laboratory. Numbers are chosen from lists controlled by HASM and
following their format (DOE-RL 1994a, 1994b). Usually has a six-
digit format, using a combination of letters and numbers.

* 222-S Laboratory Number - For total activity analysis. Number has
the following format:

N-xxxx

where:

N - 222-S Laboratory Designation.
xxxx - next consecutive number in 222-S logbook.

REFERENCES

DOE-RL, 1994a, Hanford Environmental Information System (HEIS): Volume 1
User's Guide, DOE-RL-93-24-1, U.S. Department of Energy, Richland
Operations Office, Richland, Washington.

DOE-RL, 1994b, Hanford Environmental Information System (HEIS): Volume 2
Operator' Guide, DOE-RL-93-24-2, U.S. Department of Energy, Richland
Operations Office, Richland, Washington.
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Table A2-1. List of Sample(s) Taken at Well 299-W11-14

A2-3

Other
HC Identifying Description of Sample

Number Number(s)
(HEIS/222-S)

HC-94-17 BODOJ7 Groundwater at 299-W11-14; Depth = 258.76
ft; Date = 9-27-94

N2962
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Table A2-2a. Field Results from Well Head and Portable
for Grnundwater C I UT O4e__ _ _ _ _C - - i f7 .

Sample Numbers HT-94-17 Depth 25f76 Date 9-27-94

Location 299-W11-14 -Sampling Method Submersible Pump

Constituent R Constituent
(units) Results (units) Results

Well Head Measurements

pH 7.70 DO (mg/L) 7.75
Temperature (*C) 20.7 ORP (m0) +275.6

SC (umhos/cm) 825 Turbidity (NTU) NM

Portable Field Laboratory Measurments

Nitrate (ppb) 23,800 Nitrite (ppb) 4.3
Sulfate (ppp) 86,700 Sulfide (ppb) 2
Total Chromium 10 Hexavalent 10
(ppb) -Chromium (ppb)
Total Fe (ppb) 10 Ferrous Fe (ppb) <10
Chloride (ppb) 71,750 Alkalinity (ppb) 107,700
Phosphate (ppb) 70 ..--- __-

Field Laboratory

DO
NM

ORP
SC

NTU
ND

-

-

-

-

-

-

dissolved oxygen.
not measured.
oxidation-reduction potential.
specific conductance or conductivity.
Nephelometric Turbidity Unit.
not detected.
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Table A2-2b. ICP and AA Metals Laboratory Results for
Groundwater Sample HT-94-17. (2 sheets

Constituent CAS Number Reslt DL

Aluminum' - Unfiltered (U) 7429-90-5 24.9 200
Aluminum 2 _ Filtered (F) 7429-90-5 24.9 200
Antimony1 - U 7440-36-0 46.2 100
Antimony2 _ F 7440-36-0 46.2 100
Arsenic3 _ U 7440-38-2 1.8 3.0
Arsenic 3 _ F 7440-38-2 1.8 3.0
Barium' - U 7440-39-3 58.8 200
Barium 2 _ F 7440-39-3 64.00 200
Beryllium' - U 7440-41-7 0.90 7.0
Beryll ium2 - F 7440-41-7 0.90 7.0
Cadmium' - U 7440-43-9 3.7 20.0
Cadmium 2 _ F 7440-43-9 3.7 20.0
Calcium'_-_U_ 7440-70-2 82,700 5,000
Cali_2__________F________ 7440-70-2 90,400 5,000

Chromium'_-_U 7440-47-3 4.4 20.0
Chromium2 _ F_ 7440-47-3 3.4 2.0

Cobalt1 - U 7440-48-4 3.2 20.0
Cobalt2 - F 7440-48-4 3.2 2.0
Copper' - U 7440-50-8 15.3 20.0
-Copper 2 _ F 7440-50-8 16.3 2.0
Iron' - U 7439-89-6 235 100
Iron 2 - F 7439-89-6 39.8 100
Lead' 4- U 7439-92-1 1.1 3.0
Lead'4 - F 7439-92-1 1.0 3.0
Magnesium' - U 7439-95-4 28,100 5,000
Magnesium 2 -_F 7439-95-4 30,600 5,0007
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Table A2-2b. ICP and AA Metals Laboratory Results for
Groundwater Sample HT-94-17. (2 sheets

Constituent CAS Number Result DL
(sg/L) (g/L)

Manganesel - U 7439-96-5 6.9 10.0
Manganese2 - F 7439-96-5 6.8 10.0
Mercur s - U 7439-97-6 0.10 0.2
Mercury5 - F 7439-97-6 0.10 0.2
Nickel' - U 7440-02-0 15.5 40.0
Nickel2 - F 7440-02-0 15.5 40.0
Potassium - U 7440-09-7 2,630 5,000

Potassium2 - F 7440-09-7 4,520 1,000

Sele~nium - U 7782-49-2 3.4 3.0

7782-49-2 3.4 3.0
Silveri - U 7440-22-4 3.7 200
Silver2 - F 7440-22-4 3.7 200
Sodium' - U 7440-23-5 33,200 1,000
Sodium2 - F 7440-23-5 36,300 1,000
Thallium7 - U 7440-28-0 0.70 3.0
Thallium 7 _ F 7440-28-0 0.70 3.0
Vanadium' - U 7440-62-2 30.6 20.0
Vanadium2 - F 7440-62-2 34.7 20.0
Zinc' - U 7440-66-6 17.3 20.0
Zinc2 - F 7440-66-6 5.8 20.0

Inductively Coupled Plasma metals (EPA Method 6010' and EPA CLPICAP Metals 2).

7417Atomi c Absorption (AA) metals - (EPA Methods 7060 , 7421, 7470', 774067841 ).
CAS - Chemical Abstract Services.
DL = detection limit.

A2-6



WHC-EP-0814

Table A2-2c. Anion Laboratory Results for Groundwater Sample HT-94-17.

Constituent CAS Number Result DL
I _(mg/L) (mg/L)

Chloride 16887-00-6 66.9 0.25

Fluoride' 16984-48-8 0.57 0.10

Nitrate 14797-55-8 28.5 0.20

Nitrite' 7632-00-0 <0.02 0.02

o-Phosphatel 7778-77-0 <1.00 1.00

Sulfate' 14808-79-8 71.5 1.00

Sulfide2  18496-25-8 0.43 0.20

Anions (EPA Method 300.01 and Method 90302).
CAS = Chemical Abstract Services.
DL = detection limit.
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Table A2-2d. Volatile Organic Laboratory Results for
Groundwater Sample HT-94-17. (3 sheets)

Constituent CAS Number Result DL
(sg/L) (sg/L)

Dichlorodifluoromethane 75-71-8 <5 5
Chloromethane 74-87-3 <10 10
Bromomethane 74-83-9 <10 10

Vinyl Chloride 75-01-4 <10 10

Chloroethane 75-00-3 <10 10
Acrolein 107-02-8 <100 100

Methylene Chloride 75-09-2 2a 5
Acetone 67-64-1 10 100
Trichlorofluoromethane 75-69-4 <5 5
Allyl Chloride 107-95-1 <5 5
Carbon Disulfide 75-15-0 <5 5
trans-1,2-Dichloroethene 156-60-5 <5 5
1,1-Dichloroethene 75-35-4 <5 5
Acetonitrile 75-05-8 <100 100
Acrylonitrile 107-13-1 <100 100
Propionitrile 107-12-0 <100 100
1,1-Dichloroethane 75-34-3 <5 5
Iodomethane 74-88-4 <5 5
Chloroform 67-66-3 <5 5
1, 2-Di chloroethane 107-06-2 <5 5
2-Chloro-1,3-butadiene 126-99-8 <5 5
Methacrylonitrile 126-98-7 <100 100
2-Butanone 78-93-3 <100 100

Isobutyl Alcohol 78-83-1 <500 500

1,1,1-Trichloroethane 71-55-6 <5 5
Carbon Tetrachloride 56-23-5 <5 5

A2-8



WHC-EP-0814

Table A2-2d. Volatile Organic Laboratory Results for
Groundwater Sample HT-94-17. (3 sheets) _____

Constituent JCAS Number Result DL
I (ug/L) (ug/L)

Vinyl Acetate 108-05-4 <50 50
Bromodichloromethane 75-27-4 -<5 5

1,2-Dichloropropane 78 87-5 <5 5
ci s-i, 3-Di chl oropropene 10061-01-5 <5 5
Methyl methacrylate 80-62-6 <5 5
Tn chi oroethene 79-01-6 <5 5
Ethyl methacryl ate 97-63-2 <5 5
l,1,2-Trichloroethane 79-00-5 <5 5
Benzene 71-43-2 <5 5

____________________________ 74-95-3 <5 5
trans-I,3-Dichloropropene 10061-02-6 <5 5

75-25-2 <5 5
1, 2-Di bromomethane 106-93-4 <5 5
1, 4-Di oxane 23-91-1 <500 500
4-Meth 1 -2-Pentanone 108-10-1 <50 50
2-Hexanone 591-78-6 <50 50
Tetrachl oroethene 127-18-4 <5 5
l,l,2,2-Tetrachloroethane 79-34-5 <5 5
Dibromochloromethane 124-48-1 <5 5
Toluene 108-88-3 a 5
Chl orobenzene 108-90-7 <5 5
Ethyl benzene 100-41-4 <5 5
Styrene 100-42-5 <5 5

trans-1,4-Dichloro-2-butene 764-41-0 <100 100
Xylenes (total) 1330-20-7 -<5 5
Pentachloroethane 76-01-7 <10 10
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Table A2-2d. Volatile Organic Laboratory Results for
Groundwater Samnle HT-94-17 (3 shes

Constituent CAS Number Result DL
(sg/L) (s L)

1,2,3-Trichloropropane 96-18-4 <5 5

1,2-Dibromo-3-chloropropane 96-12-8A <100 100

'Value is estimated, because it is below a detection limit.
Volatiles (Method EPA 8240).
CAS - Chemical Abstract Services.
DL - detection limit.
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Table A2-2e. Semi-Volatile Organic Laboratory Results
Groundwater Sam In HT-94 17 r

Constituent CAS Number Result DL

n-Nitrosodimethylamine 62-75-9 <10 10
Pyridine 110-86-1 <10 10
Phenol 108 -95-2 <10 10

Aniline 62-53-3 <10 10
bis(2-Chloroethyl) Ether 111-44-4 <10 10
2-Chlorophenol 95-57-8 <10 10
1,3-Dichlorobenzene 541-73-1 <10 10
l,4-Dichlorobenzene 106-46-7 <10 10
Benzyl Alcohol 100-51-6 <20 20
l,2-Dichlorobenzene 95-50-1 <10 10
2-Methylphenol 95-48-7 <10 10
bis(2-Chloroisopropyl) Ether 108-60-1 <10 10

___________________________ 65794-96-9 <10 10

n-Nitroso-di-n-propylamine 621-64-7 <10 10
_____________________________ 67-72-1l <10 10

Nitrobenzene ______________ 98-95-3 <10 10

Isophorone 78-59-1 <10 10
2-Nitrophenol 88-75-5 <10 10
2, 4-Dimethyl phenol 105-67-9 <10 10
bis(2-Chloroethoxy)Methane 111-91-1 <10 10
-2,4-Dichlorophenol 120-83-2 <10 10
l,2,4-Trichlorobenzene 120-82-1 <10 10
Naphthal ene 91-20-3 <10 10
4-Chioroanilie 106-47-8 <20 20
Hexachiorobutadiene L 87-68-3 <10 10
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Table A2-2e. Semi-Volatile Organic Laboratory Results
Groundwater Samol T9-7 ~~~t

Constituent CAS Number Result DL
(sg/L) _(sg/L)

4-Chloro-3-Methylphenol 59-50-7 <20 20
2-Methylnaphthalene 91-57-6 <10 10
Hexachlorocyclopentadiene 77-47-4 <10 10
2,4,6-Trichlorophenol 88-06-2 <10 10
2,4,5-Trichlorophenol 95-95-4 <10 10

2-Chloronaphthalene 91-58-7 <10 10
2-Nitroaniline 88-74-4 <50 50
Dimethyl Phthlate 131-11-3 <10 10
Acenaphthylene 208-96-8 <10 10
2,6-Dinitrotoluene 606-20-2 <10 10
3-Nitroanil ine 99-09-2 <50 50

Acenaphthene 83-32-9 <10 10

2,4-Dini trophenol 51-28-5 <50 50
4-Nitrophenol 100-02-7 <50 50
Dibenzofuran 132-64-9 <10 10

2,4-Dinitrotoluene 121-14-2 <10 10
Diethylphthlate 84-66-2 <10 10
4-Chlorophenyl Phenyl Ether 7005-72-3 <10 10
Fluorene 86-73-7 <10 10
4-Nitroaniline 100-01-6 <20 20
4,6-Dinitro-2-Methylphenol 534-52-1 <50 50
n-Nitrosodiphenylamine 86-30-6 <10 10
4-Bromophenyl Phenyl Ether 101-55-3 <10 10

Hexachlorobenzene 118-74-1 <10 10
Pentachl orophenol 87-86-5 <50 50
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Table A2-2e. Semi-Volatile Organic Laboratory Results
-4 . b seets

Constituent CAS Number Result DL
(ug/L) -(I!/L)

Phenanthrene 85-01-8 <10 10
Anthracene 120-12-7 <10 10
di-N-Butylphthl ate 84 .74-2 <10 10
Fl uoranthene 206-44-0 <10 10
Pyrene 129-00-0 <10 10
Butyl Benzyl Phthlate 85-68-7 <10 10
3,3-Dichlorobenzidine 91-94-1 <20 20
Benzo a)Anthracene 56-55-3 <10 10
-Chrysene 218-01-9 <10 10
bis(2-Ethylhexyl)Phthlate 117-81-7 <10 10
di-N-Octyl Phthlate 117-84-0 <10 10
Benzo(b)Fluoranthene 205-99-2 <10 10
-Benzo(k)Fluoranthene 207-08-9 <10 10
Benzo(a) Pyrene 50-32-8 <10 10
Indeno(-1,2,3-CD)Pyrene 193-39-5 <10 10
Dibenzo(a,h)Anthracene 53-70-3 <10 10
Benzo(g,h,i)Perylene 191-24-2 <10 10
Acetophenone 10383-88-7 <10 10
2-Acetylaminofluorene 53-96-3 <20 20
4-Ami nobi phenyl 92-67-1 <20 20
Aramite I 140-57-8A <20 20
Aramite II 140-57-8B <20 20

Chiorobenzi late 510-15-6 <10 10
Diallate I 2303-16-4A <20 20
Diallate II 2303-16-4B <20 20
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Table A2-2e. Semi-Volatile Organic Laboratory Results for
Groundwater Sample HT-94-17. (5 sheets)

Constituent JCAS Number Result DL
I I (gg/L) (Ag/L)

2,6-Dichlorophenol 87-65-0 <10 10

Di methoate 60-51-5 <20 20

P-Dimethylaminoazobenzene 60.11-7 <10 10

7,12-Dimethylbenz(a)Anthracene 57-97-6 _<10 10

3,3-Dimethylbenzidine 119-93-7 <10 10

a,a-Dimethy1 henethylalamine 122-09-8 <10 10

1,3-Dinitrobenzene 99-65-0 <20 20

Di noseb 88-85-7 <20 20

Disulfoton 298-04-4 <10 10

Ethyl Methanesulfonate 62-50-0 <20 20

Famphur 52-85-7 <50 50

Hexachl oropropene 1888-71-7 <10 10

Isodrin 465-73-6 <20 20

Isosafrol e 120-58-1 <10 10

D-Kepone 143-50-0 <50 50

Methapyri 1ene 91-80-5 <100 100

3-Methylcholanthrene 56-49-5 <10 10

Methyl Methanesulfonate 66-27-3 <10 10

Methyl Parathion 298-00-0 <10 10

1 ,4-Naphthoguinone 130-15-4 <10 10

1-Naphthyl amine 134-32-7 <10 10

2-Naphthylamine 91-59-8 <10 10

5-Nitro-o-toluidine 99-55-8 <10 10

4-Nitroquinoline-l-oxide 56-57-5 <40 40

n-Nitroso-di-n-butylamine 924-16-3 <10 10
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Table A2-2e. Semi-Volatile Organic Laboratory Results
Groundwater Sample HT-94-17 . sh00+ts

Constituent CAS Number Result DL
(gg/L) (Ag/L)

n-Nitrosodiethylamine 55-18-5 <20 20

n-Nitrosopiperdine 100-75-4 <20 20
n-Nitrosopyrrolidine 930-55-2 <40 40

Parathion 56-38-2 <10 10

Pentachi orobenzene 608-93-5 <10 10

Pentachioroethane 76-01-7 <10 10

Pentachloronitrobenzene 82-68-8 <20 20

Phenacet in 62-44-2 <20 20

1,4-Phenylenediamine 106-50-3 <100 100

n-Nitrosomethylethylamine 10595-95-6 <10 10

n-Nitrosomorpholine 59-89-2 <10 10
Pronamide 23950-58-5 <20 20
Safrole 94-59-7 <10 10

1,2,4,5-Tetrachlorobenzene 95-94-3 <10 10

2,3,4,6-Tetrachiorophenol 58-90-2 <10 10

Sulfotepp 3689-24-5 <40 40

Thioazin 297-97-2 <20 20

-Tol uidine 95-53-4 <10 10

1,3,5-Trinitrobenzene 99-35-4 <50 50

o,0,0-triethyl Phosphorothioat 126-68-1 <20 20

Phorate 298-02-2 <10 10

2-Picolime 109-06-8 <10 10
Hexachilorophene 70-30-4 <100 100

Semi-volatiles (Method EPA 8270).
CAS - Chemical Abstract Services.
DL = detection limit.

for
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Table A2-2f. Herbicide Laboratory Results
for Groundwater Sample HT-94-17.

Constituent CAS Number Result DL

Dal apon 75-99-0 <58 58
Di camba 1918-00-9 <2.7 2.7
MCPA 94-74-6 <2,500 2,500
MCPP 93-65-2 <1,900 1,900
2,2-Dichloropropionic acid 120-36-5 <6.5 6.5

2,4-D 94-75-7 <12 12
2,4,5-TP (Silvex) 93-72-1 <1.7 1.7
2,4,5-T

Dinoseb

2_, 4-DB 
-1

. 1
Herbicides (Method SW 8150).
CAS = Chemical Abstract Services.
DL = detection limit.

n7 IL
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Table A2-2g. Organophosphate Pesticide Laboratory Results
for Groundwater Sample HT-94-17.

Constituent CAS Number Result DL
I (s2/L) (saL) L

Demeton #1 298-03-3A <1.2 1.2
Demeton #2 298-03-3B <1.2 1.2
Diazinon 333-41-5 <2.0 2.0
Disulfoton 298-04-4 <0.7 0.7
Methyl Parathion 298-00-0 <1.2 1.2
Malathion 121-75-5 <1.1 1.1
Parathion 56-38-2 <0.6 0.6
Ethion 563-12-2 <0.6 0.6
Azinphos-methyl 86-50-0 <1.0 1.0

Organophosphate pesticides (Method
CAS = Chemical Abstract Services.
DL - detection limit.

EPA 8140).
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Table A2-2h. Pesticides and Polychlorinated Biphenyls (PCBs) Laboratory
Results for Groundwater Sample HT-94-17. (2 sheets)

Constituent CAS Number Result DL
(sg/L) (qL

al pha-BHC 319-84-6 <0.03 0.03
beta-BHC 319-85-7 <0.06 0.06
delta-BHC 319-86-8 <0.09 0.09

gamma-BHC (Lindane) 58-89-9 <0.04 0.04
Heptachlor 76-44-8 <0.03 0.03
Aldrin 309-00-2 <0.04 0.04
Heptachlor Epoxide 1024-57-3 <0.83 0.83
Endosulfan 1 959-98-8 <0.14 0.14

_D_iedrin 60-57-1 <0.02 0.02

4,4-DDE 72-55-9 <0.04 0.04
Endrin 72-43-5 <0.06 0.06
Endosulfan II 33213-65-9 <0.04 0.04
4,4-DDD 72-54-8 <0.11 0.11
Endosulfan Sulfate 1031-07-8 <0.66 0.66
4,4-DDT 50-29-3 <0.12 0.12
Methoxychl or 72-43-5 <1.8 1.8
Endrin Aldehyde 7421-93-4 <0.23 0.23
Chl ordane 57-74-9 <0.14 0.14
Toxaphene 8001-35-2 <2.4 2.4
Arochl or-1016 12674-11-2 <0.65 0.65
Arochl or-1221 11104-28-2 <1.0 1.0
Arochlor-1232 11141-16-5 <1.0 1.0
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Table A2-2h. Pesticides and Polychlorinated Biphenyls (PCBs) Laboratory
Results for Groundwater Sample HT-94-17. (2 sheets)_

Constituent CAS Number Result DL
(Cg/L) (g/L)

Arochlor-1242 53469-21-9 <0.65 0.65
Arochlor-1248 12672-29-6 <1.0 1.0
Arochlor-1254 11097-69-1 <1.0 1.0
Arochlor-1260 11096-82-5 <1.0 1.0

Pesticides and polychlorinated biphenyls (EPA Method 8080).CAS - Chemical Abstract Services.
DL = detection limit.
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Table A2-2i. Radionuclide lahnr2 v Doe"If p
1 r oundwater Sa pie HT-94-17. 2 sheets)

Constituent Result Counting Total Error MDA i Yield Method Number
CnttetI Error (2a) (2a') MAUnits (%)

Am-241 0.0435 0.0948 0.0951 0.190 pCi/L 76.8 RD3302
Pu-238 0.0799 0.160 0.161 0.216 pCi/L 52.2 RD3209

Pu-239/40 -0.0639 0.0639 0.0650 0.549 pCi/L 52.2 RD3209
U-234 35.2 7.06 15.5 1.99 pCi/L 11.8 RD3234
UJ-235 2.42 1.87 2.10 1.61 pCi/I 11.8 RD3234

U-238DA 39.8 1.51 11.3 1.99 pCi/L 11.8 RD3234
Co-58 1.81 3.22 3.23 6.69 pCi/L N/A RD3219
Co-60 -2.01 3.15 3.75 6.59 pCi/L N/A RD3219

Cs-137DA -0.344 4.19 4.19 6.96 pCi/L N/A RD3219
Eu-152 1.82 8.82 8.82 16.4 pCi/L N/A RD3219
Eu-154 -18.1 15.2 15.3 21.0 pCi/L N/A RD3219
Eu-155 -1.26 1.10 7.10 11.5 pCi/L N/A RD3219
Fe-59 -1.41 8.32 8.32 15.6 pCi/L N/A RD3219
Alpha 71.7 9.36 11.4 2.49 pCi/I 100.0 RD3214
Beta 27.4 2.96 3.53 3.19 pCi/L 100.0 RD3214

:01
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Tabla ir esu ts Tor Groundwater Sampie HT-94-17. (2 sheets

n Result Counting Total Error T i Yield Method Number
Cn Ru Error (2o) o) I MI UnIts(%)

Strontium -0.0084 0.333 0.333 f 1.11 pCi/L 64.9 ITAS-IT-RS-001
Tc-99 82.1 2.41 13.8 5.38 pCi/L 95.1 RD3205
Tritium 8630.0 270.0 710.0 234.0 1 pCi/L 1 97.3 RD4003

Radioisotopes (Method - Laboratory Specific).
MDA = Minimum detectable activity.

-c
00"
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APPENDIX A3

GROUNDWATER DATA FOR SELECTED UPGRADIENT WELLS
AND ONE DOWNGRADIENT WELL
FROM THE 216-T-1 DITCH
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GROUNDWATER DATA FOR SELECTED UPGRADIENT WELLS
AND ONE DOWNGRADIENT WELL
FROM THE 216-T-1 DITCH

Appendix A3 contains a Paradox' database print out of groundwater
monitoring data for selected upgradient and downgraydient wells. Analyticalresults for four upgradient monitoring wells and one downgradient monitoringwell near the 216-T-1 Ditch location are listed by well number, constituentname, and sampling date. Results are reported in the Hanford EnvironmentalInformation System database, which was queried for results in February of1995. The time period covered by these results goes from January of 1980through February of 1995.

Data Qualifiers. Qualifiers concerning the data are indicated with a lettercode in the seventh column and are defined as follows:

B - Blank assoiated with analyte is elevated in concentration
D - Sample was diluted before analysis
E - Concentration is out of instrument calibration range
J - Concentration is estimated
U - Analyte concentration below contract required quantification limitH - Laboratory holding time exceeded
R - Suspect data; currently under review
Q - Result associated with suspect quality control data
P - Potential problem.

It should also be noted that not all of the data in the table werereviewed at the time this report was prepared. Thus, some unflagged "suspect"data may exist in the table.

Significant Figures. No more than three significant figures are justified;any additional places are database format related.

Reference Levels. A summary of reference levels for constituents at the endof this appendix. Monitoring results listed in Tables A3-1 through A3-5 canbe compared with either:

" the average natural background concentrations or the provisional
threshold values (Johnson 1993), Table A3-6.

e the 95% Upper Confidence Interval/Bowen's Background Numbers,
Table A3-7.

" the Maximum Contamination Levels and the 1/25 Derived Concentration
Guide, Table A3-8.

'Paradox is a trademark of the Borland Company.
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Table A3-1. Upgradient Well 299-W11-3. (5 sheets)
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2/09/95
Page 1

Well

299-Wll-3
299-W11-3

299-Wll-3
299-Wll-3

299-W1l-3
299-Wll-3

299-Wl1-3
299-W11-3

299-W1l-3
299-Wll-3

299-W11-3

299-W11-3
299-W1l-3

299-Wll-3
299-W11-3

299-W11-3
299-W1l-3
299-Wll-3

Constituent Name

Aluminum
Aluminum, filtered

Antimony
Antimony, filtered

Arsenic
Arsenic, filtered

Barium
Barium, filtered

Beryllium
Beryllium, filtered

Bromide

Cadmium
Cadmium, filtered

Calcium
Calcium, filtered

Carbon tetrachloride
Carbon tetrachloride
Carbon tetrachloride

Collect Date

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92
6/26/92

11/17/93

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92
11/17/93
1/12/95

Result Units

35
35

46
44

2
2

52
51

1

1

200 ppb

4
4

71600
71400

570
520
490

ppb
ppb

Filtered

y

y

y

y

y

Qualifier

L 
-

y

y

E
D
D

CA)

CA)



2/09/95

Well

299-Wll-3

299-Wl1-3
299-W1l-3
299-W11-3

299-W11-3
299-W1l-3

299-W11-3
299-W1l-3

299-W11-3
299-W11-3

299-W11-3

299-W11-3

299-Wl1-3

299-W11-3

299-W11-3

299-W11-3

Page 2

Constituent Name

Chloride

Chloroform
Chloroform
Chloroform

Chromium
Chromium, filtered

Cobalt
Cobalt, filtered

Copper
Copper, filtered

Cyanide

Di-n-butylphthalate

Ethylbenzene

Fluoride

Gross beta

Iodine-129

Collect Date Result

11/17/93

6/26/92
11/17/93
1/12/95

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92

6/26/92

11/17/93

11/17/93

11/17/93

9/26/88

59000

3
3
2

8
8

6
6

5
5

400

2

0

700

7

0

Units Filtered

ppb

ppb
ppb

Qualifier

D

J

Y

Y

Y

JB

ppb

ppb

pCi/L

pCi/L

L

4ab

4=
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Well

299-Wl1-3
299-Wl1-3

299-Wl1-3
299-Wll-3

299-W1l-3
299-Wl1-3

299-Wl1-3
299-W1l-3

299-W1l-3
299-Wl1-3

299-Wll-3
299-Wll-3

299-W1l-3
299-Wll-3

299-W1l-3
299-Wll-3
299-W11-3
299-Wll-3

Constituent Name

Iron
Iron, filtered

Lead
Lead, filtered

Magnesium
Magnesium, filtered

Manganese
Manganese, filtered

Mercury
Mercury, filtered

Methylene chloride
Methylene chloride

Nickel
Nickel, filtered

Nitrate
Nitrate
Nitrate
Nitrate

Collect Date

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92
11/17/93

6/26/92
6/26/92

9/17/87
2/25/88
9/26/88

11/17/93

Result Units

691
19

2
6

25600
25800

13
2

0
0

1
1

18
18

94600
85900
82700
81000

ppb

Filtered

y

y

y

y

y

Qualifier

*

*

C,

m

0

I-.

J -~

BL

y

ppb
ppb
ppb
ppb D

(A)

U,
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Page 4

Well

299-Wll-3
299-W1l-3

299-Wi1-3
299-W11-3

299-W1l-3
299-W11-3

299-W11-3
299-Wll-3

299-W1l-3
299-W1l-3

299-Wii-3

299LW11-3

299-Wl1-3
299-Wii-3

299-Wi1-3
299-Wii-3

299-W1-3
299-Wll-3

Constituent Name

Potassium
Potassium, filtered

Selenium
Selenium, filtered

Silver
Silver, filtered

Sodium
Sodium, filtered

Specific conductance
Specific conductance

Sulfate

Tetrachloroethene

Thallium
Thallium, filtered

Trichloroethene
Trichloroethene

Tritium
Tritium

Collect Date

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92
6/26/92

11/17/93
11/17/93

11/17/93

11/17/93

6/26/92
6/26/92

11/17/93
1/12/95

9/17/87
9/26/88

Result Units

4590
4530

2
2

6
6

13200
13500

650 umhos
688 umhos

56000 ppb

0 ppb

2
2

1
1

Filtered

y

y

y

y

Qualifier

NW
N

D

.L

y

ppb
ppb

NW
NW

L
L

443 pCi/L
560 pCi/L

01j

M

00
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Page 5

Constituent Name Collect Date Result Units Filtered Qualifier
299-Wl1-3

299-Wll-3
299-Wll-3
299-Wll-3
299-Wll-3

299-Wl1-3
299-Wll-3

299-Wll-3
299-Wl1-3

299-W11-3
299-W11-3

c~J

Tritium

Uranium
Uranium
Uranium
Uranium

Vanadium
Vanadium, filtered

Zinc
Zinc, filtered

pH
pH

11/17/93

1/21/87
9/17/87
2/25/88
9/26/88

6/26/92
6/26/92

6/26/92
6/26/92

6/26/92
11/17/93

603 pCi/L

1
1
1
1

44
39

6
6

7
7

Well

pCi/L
pCi/L
pCi/L
pCi/L

y

y

CO
I.
0A
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Table A3-2. Upgradient Well 299-411-7. (4 sheets)

A3-8
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Page 1

Well

299-W11-7
299-W11-7

299-W11-7

299-W11-7

299-W11-7

299-W11-7
299-W11-7
299-W11-7

299-W11-7
299-W11-7
299-W11-7

299-W11-7
299-W11-7
299-W11-7

299-W11-7

299-W11-7

Constituent Name

Alkalinity
Alkalinity

Barium

Benzene

Calcium

Carbon tetrachloride
Carbon tetrachloride
Carbon tetrachloride

Chloride
Chloride
Chloride

Chloroform
Chloroform
Chloroform

Chromium

Fluoride

Collect Date

6/30/88

11/10/88

6/30/88

1/06/94

6/30/88

6/30/88
11/10/88
1/06/94

6/30/88
11/10/88
1/06/94

6/30/88
11/10/88
1/06/94

6/30/88

1/06/94

Result Units

111000 ppb
117000 ppb

Filtered

79 ppb

0 ppb

Qualifier

L

97800 ppb

2080
2500
1200

52700
45900
65000

ppb
ppb
ppb

ppb
ppb
ppb

D

D

15 ppb
37 ppb

8 ppb

47 ppb

1400 ppb

299-W11-7 Fluorine

cAJ M
7
CD

6/30/88 1300 ppb
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Page 2

Well

299-W11-7

299-W11-7
299-W11-7
299-Wll-7
299-Wll-7
299-W11-7
299-W11-7

299-W11-7
299-W11-7
299-Wl1-7
299-W11-7
299-W11-7
299-W1i 7
299-W1l-7

299-W11-7

299-W11-7

299-W11-7

299-Wll-7

299-Wll-7
299-W11-7

Constituent Name

Fluorine

Gross
Gross
Gross
Gross
Gross
Gross

Gross
Gross
Gross
Gross
Gross
Gross
Gross

Iron

Lead

alpha
alpha
alpha
alpha
alpha
alpha

beta
beta
beta
beta
beta
beta
beta

Magnesium

Manganese

Nitrate
Nitrate

Collect Date

11/10/88

2/26/88
5/16/88
7/27/88

11/17/88
3/09/89
1/06/94

2/26/88
5/16/88
7/27/88

11/17/88
3/09/89
8/24/89
1/06/94

6/30/88

6/30/88

6/30/88

6/30/88

6/30/88
11/10/88

Result Units

1200 ppb

2

1
1
2

13
3

66
61
52
53
48
22
49

Filtered Qual if ier

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L

2680 ppb

6 ppb

32400 ppb

91 ppb

215000 ppb
203000 ppb

0 CDO

00
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Well

299-W1l-7

299-Wll-7

299-Wll-7

299-W1l-7
299-W1l-7
299-Wll-7
299-W11-7

299-Wll-7

299-Wi1-7
299-Wll-7
299-Wi1-7

299-W11-7

299-W1l-7

299-Wl1-7
299-Wll-7

299-Wll-7
299-Wll-7
299-Wll-7

Constituent Name

Nitrate

Potassium

Sodium

Specific conductance
Specific conductance
Specific conductance
Specific conductance

Strontium

Sulfate
Sulfate
Sulfate

Tetrachloroethene

Toluene

Total Carbon
Total Carbon

Trichloroethene
Trichloroethene
Trichloroethene

Collect Date

1/06/94

6/30/88

6/30/88

6/30/88
11/10/88
12/18/90
1/06/94

6/30/88

6/30/88
11/10/88
1/06/94

1/06/94

1/06/94

6/30/88
11/10/88

6/30/88
11/10/88
1/06/94

Result Units Filtered
--- - - - - - - - - -

180000 ppb

Qualifier

D

5840 ppb

27400 ppb

738
774
926
880

umhos
umhos
umhos
umhos

436 ppb

46300
47300
65000

ppb
ppb
ppb

0 ppb

0 ppb

D

L

L

30200 ppb
26000 ppb

6
7
6

ppb
ppb
ppb

C)
C)

m
0h
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Well Constituent Name
--- -------- --------------------

299-W1l-7
299-W1l-7

299-W1l-7

299-Wll-7

299-Wl1-7
299-W11-7
299-W11-7
299-W11-7
299-Wi1-7

Tritium
Tritium

Vanadium

Zinc

pH
pH
pH
pH
pH

Collect Date

12/18/90
1/06/94

6/30/88

6/30/88

6/30/88
6/30/88

11/10/88
11/10/88
12/18/90

Result Units Filtered
--- - - - - - - - - -

Qualifier

41700 pCi/L
21800 pCi/L

23 ppb

36 ppb

8
8
8
8
8

I-.
=
CO,

mp
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Table A3-3. Upgradient Well 299-W11-10. (4 sheets)

A3-13
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Well

299-W11-10
299-Wll-10

299-Wll-10
299-Wll-10

299-Wll-10
299-Wll-10

299-Wi1-10
299-Wll-10

299-Wl1-10

299-Wll-10
299-Wll-10

299-Wll-10

299-Wll-10
299-Wll-10

299-Wll-10
299-Wll-10

Constituent Name

Aluminum
Aluminum, filtered

Antimony
Antimony, filtered

Arsenic
Arsenic, filtered

Barium
Barium, filtered

Benzene

Beryllium
Beryllium, filtered

Bromide

Cadmium
Cadmium, filtered

Calcium
Calcium, filtered

Collect Date

8/24/92
8/24/92

8/24/92
8/24/92

8/24/92
8/24/92

8/24/92
8/24/92

12/29/93

8/24/92
8/24/92

12/29/93

8/24/92
8/24/92

8/24/92
8/24/92

Result Units

3370
49

60
60

4
2

87
40

0 ppb

1
1

100 ppb

7
7

54100
54300

Filtered Qualifier

y

Y

y

y

BL

y

L

y

y

299-Wll-10 Carbon tetrachloride
D

I-.

=
C>

00

12/29/93 560 ppb



2/09/95
Page 2

Well

299-Wll-10

299-Wll-10

299-Wll-10
299-Wll-10

299-Wll-10
299-Wll-10

299-Wll-10
299-Wll-10

299-Wl1-10

299-Wl1-10

299-Wll-10
299-Wll-10

299-Wll-10
299-Wll-10

299-Wll-10
299-Wll-10

Constituent Name

Chloride

Chloroform

Chromium
Chromium, filtered

Cobalt
Cobalt, filtered

Copper
Copper, filtered

Fluoride

Gross beta

Iron

Iron, filtered

Lead
Lead, filtered

Magnesium
Magnesium, filtered

Collect Date

12/29/93

12/29/93

8/24/92
8/24/92

8/24/92
8/24/92

8/24/92
8/24/92

12/29/93

12/29/93

8/24/92
8/24/92

8/24/92
8/24/92

8/24/92
8/24/92

Result Units Filtered
--- - - - - - - - - -

37000

6

38
9

9
9

13
8

500

7

17500
28

8
2

20500
20100

ppb

ppb

Qualifier

D

y

y

y

ppb

pCi/L

y

y
NS
NW

y

cAJ
C,

m

0

I-
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Well

299-Wll-10
299-Wll-10

299-Wll-10
299-Wll-10

299-Wll-10
299-Wll-10

299-Wll-10

299-Wll-10
299-Wll-10

299-Wll-10
299-Wll-10

299-W1:1-10
299-Wll-10

299-Wll-10
299-Wll-10

299-Wll-10

Constituent Name

Manganese
Manganese, filtered

Mercury
Mercury, filtered

Nickel
Nickel, filtered

Nitrate

Potassium
Potassium, filtered

Selenium
Selenium, filtered

Silver
Silver, filtered

Sodium
Sodium, filtered

Specific conductance

Collect Date Result

8/24/92
8/24/92

8/24/92
8/24/92

8/24/92
8/24/92

12/29/93

8/24/92
8/24/92

8/24/92
8/24/92

8/24/92
8/24/92

8/24/92
8/24/92

12/29/93

Units

412
4

0
0

20
20

48000 ppb

4580
4320

2
3

10
10

12600
12200

Filtered Qualifier

y

Y

Y

D

Y

Y

Y

Y

NW
NW

520 umhos

12/29/93 54000 ppb D

CA

-
0P

299-Wll-10 Sulfate
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Well

299-Wi1-10O
299-Wll-10
299-Wll-10

299-Wll-10

299-Wll-10

299-Wll-10

299-Wll-10
299-Wll-10

299-Wll-10299-Wll-10

Constituent Name

Tetrachloroethene

Thallium
Thallium, filtered

Toluene

Trichloroethene

Tritium

Vanadium
Vanadium, filtered

Zinc
Zinc, filtered

Collect Date Result

12/29/93 0

8/24/92 20
8/24/92 2

12/29/93 0

12/29/93 2

12/29/93 191

8/24/92 57
8/24/92 30

8/24/92 22
8/24/92 7

Units

ppb

Filtered

y

ppb

ppb

pCi/L

y

y

Qualifier

L

NW
N

BL

x

=
C-,

m

0
co
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Table A3-4. Upgradient Well 299-W11-14. (8 sheeets)

A3-18
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Well Constituent Name

299-W1l-14
299-W1l-14

299-W11-14
299-W11-14

299-W1l-14
299-W11-14

299-W11-14
299-W11-14

299-Wi1-14
299-W11-14

299-W11-14
299-W11-14
299-W11-14

299-W11-14
299-W11-14

299-W11-14

299-W11-14
299-W11-14

Acetone
Acetone

Alkalinity
Alkalinity

Aluminum
Aluminum, filtered

Antimony
Antimony, filtered

Arsenic
Arsenic, filtered

Barium
Barium
Barium, filtered

Beryllium
Beryllium, filtered

Bis(2-ethylhexyl) ph

Cadmium
Cadmium

Collect Date

6/27/92
6/27/92

6/27/88
11/10/88

6/27/92
6/27/92

6/27/92
6/27/92

6/27/92
6/27/92

6/27/88
6/27/92
6/27/92

6/27/92
6/27/92

6/27/92

6/27/88
6/27/92

Result Units Filtered

6
18

Qualifier

JB
B

60200 ppb
111000 ppb

39
35

44
44

2
2

99
66
60

1
1

9

4
4

y

y

NW
NY

ppb

y

y

JB

ppb

cJ
I-.
~0

X

CD)
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Well

299-Wll-14

299-W11-14
299-Wl1-14
299-W1l-14

299-W11-14
299-W1l-14
299-Wll-14
299-Wl1-14
299-W11-14
299-W11-14

299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-Wl1-14

299-W11-14
299-Wl1-14
299-W11-14
299-W11-14

Constituent Name

Cadmium, filtered

Calcium
Calcium
Calcium, filtered

Carbon
Carbon
Carbon
Carbon
Carbon
Carbon

tetrachloride
tetrachloride
tetrachloride
tetrachloride
tetrachloride
tetrachloride

Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride

Chloroform
Chloroform
Chloroform
Chloroform

Collect Date

6/27/92

6/27/88
6/27/92
6/27/92

6/27/88
11/10/88
4/13/90
6/19/92
6/27/92

12/16/93

6/27/88
11/10/88
4/13/90
5/17/91
6/19/92
4/07/93

12/16/93

11/10/88
6/19/92
6/27/92

12/16/93

ppb

Result Units

4

83400
78900
79300

650
860
790

1252
800
790

59400
65500
66900

52
65000
18000
66000

10
4
3
5

ppb
ppb
ppb
ppb

ppb

ppb
ppb
ppb
ppm
ppb
ppb
ppb

ppb
ppb

ppb

Filtered Qualifier

y

y
E
E

E
D

D

D
D

299-W11-14 Chromium

CD

00

6/27/88 46 ppb
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Well

299-Wll-14
299-W11-14

299-W11-14
299-W11-14

299-W11-14
299-W11-14

299-W11-14

299-W11-14
299-W11-14
299-W11-14
299-W11-14

299-W11-14
299-W11-14

299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-W11-14

Constituent Name

Chromium
Chromium, filtered

Cobalt
Cobalt, filtered

Copper
Copper, filtered

Di-n-butylphthalate

Fluoride
Fluoride
Fluoride
Fluoride

Fluorine
Fluorine

Gross
Gross
Gross
Gross
Gross
Gross
Gross
Gross

alpha
alpha
alpha
alpha
alpha
alpha
alpha
alpha

Collect Date

6/27/92
6/27/92

6/27/92
6/27/92

6/27/92
6/27/92

6/27/92

5/17/91
6/19/92
4/07/93

12/16/93

6/27/88
11/10/88

2/25/88
5/16/88
7/25/88

11/17/88
3/09/89
8/24/89
4/13/90

12/16/93

Result Units

12
8

6
6

5
5

1

1
800
600

1000

PPm
ppb
ppb
ppb

Filtered Qualifier

y

y

y

J

=

6-
4m

962 ppb
700 ppb

265
233
273
255
173
220
207
73

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L

I-.
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Constituent Name Collect Date Result Units Filtered Qualifier

299-W11-14
299-W11-14
299-W1114
299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-W11-14

299-W1l-14
299-W11-14

299-W11-14
299-W11-14
299-W11-14

299-Wl1-14
299-W11-14

299-W11-14
299-W11-14
299-W11-14

299-W11-14
299-W11-14
299-W11-14

Gross beta
Gross beta

Gross beta
Gross beta
Gross beta
Gross beta
Gross beta
Gross beta

Iodine-129
Iodine-129

Iron
Iron
Iron, filtered

Lead
Lead, filtered

Magnesium
Magnesium
Magnesium,

Manganese
Manganese
Manganese,

filtered

filtered

2/25/88
5/16/88

7/25/88
11/17/88
3/09/89
8/24/89
4/13/90

12/16/93

4/13/90
6/19/92

6/27/88
6/27/92
6/27/92

6/27/92
6/27/92

6/27/88
6/27/92
6/27/92

6/27/88
6/27/92
6/27/92

Well

P13

pCi/L
pCi/L

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L

pCi/L
pCi/L

193
158

139
98
73

105
113
32

2
4

26300
1430

19

2
2

28100
26100
26100

766
28
3

ppb M

00

I.

y

y

ppb

y

E
E

W
W

E
E

ppb

y
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Well Constituent Name

299-W11-14
299-Wl1-14

299-W11-14

299-W11-14

299-W11-14
299-W11-14

299-Wl1-14
299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-W1l-14

299-W11-14
299-W11-14
299-W11-14

299-W11-14

299-W11-14
299-W11-14

Mercury
Mercury, filtered

Methyl ethyl ketone

Methylene chloride

Nickel
Nickel, filtered

Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate

Potassium
Potassium
Potassium, filtered

Radium

Selenium
Selenium

Collect Date

6/27/92
6/27/92

6/27/92

6/27/92

6/27/92
6/27/92

6/27/88
11/10/88
4/13/90
5/17/91
6/19/92
4/07/93

12/16/93'

6/27/88
6/27/92
6/27/92

6/27/88

6/27/88
6/27/92

Result Units

0
0

7

11

18
18

116000
125000
123000

109
110000
310000
140000

5420
5120
5230

Filtered Qualifier

y

B

B

y

ppb
ppb
ppb
ppm
ppb
ppb
ppb

ppb

y

1 pCi/L

7
3

ppb
NW

(AJ CD

00I .
D
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Well

299-Wll-14

299-Wl1-14
299-W11-14

299-Wll-14
299-Wll-14
299-Wll-14

299-Wl1-14
299-W11-14
299-Wl1-14
299-W11-14
299-Wll-14
299-Wll-14
299-W1l-14
299-Wll-14

299-Wl1-14

299-Wll-14
299-Wll-14
299-Wll-14
299-Wl1-14
299-Wl1-14
299-W11-14
299-W1l-14

Constituent Name

Selenium, filtered

Silver
Silver, filtered

Sodium
Sodium
Sodium, filteted

Specific
Specific
Specific
Specific
Specific
Specific
Specific
Specific

conductance
conductance
conductance
conductance
conductance
conductance
conductance
conductance

Strontium

Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate

Collect Date

6/27/92

6/27/92
6/27/92

6/27/88
6/27/92
6/27/92

6/27/88
11/10/88
4/13/90
4/13/90
5/17/91
6/19/92
4/07/93

12/16/93

6/27/88

6/27/88
11/10/88
4/13/90
5/17/91
6/19/92
4/07/93

12/16/93

ppb

Result Units

3

6
6

36500
33800
33900

758
742
813
826
794
800
992
832

Filtered

y

y

Qual if ier

NW

N
N

E
Ey

umhos
umhos
umhos
umhos
umhos
umhos
umhos
umhos

431 ppb

64900
74200
76100

73
73000
63000
81000

ppb
ppb
ppb
ppm
ppb
ppb
ppb D

23.

CO

mO
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Well

299-Wl1-14
299-Wl1-14

299-W11-14

299-W11-14
299-Wl1-14

299-Wll-14
299-W11-14

299-Wl1-14
299-W11-14

299-Wll-14
299-Wl1-14
299-W11-14

299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-W1l-14

299-W11-14
299-W11-14

Constituent Name
T-cneiu-99-

Technetium-99
Technetium- 99

Tetrachloroethene

Thallium
Thallium, filtered

Total Carbon
Total Carbon

Total Organic Haloge
Total Organic Haloge

Trichloroethene
Trichloroethene
Trichloroethene

Tritium
Tritium
Tritium
Tritium
Tritium

Uranium
Uranium

Collect Date

6/19/92
12/16/93

6/19/92

6/27/92
6/27/92

6/27/88
11/10/88

6/27/88
4/13/90

6/19/92
6/27/92

12/16/93

4/13/90
5/17/91
6/19/92
4/07/93

12/16/93

4/13/90
6/19/92

Result Units

61
88

Filtered Qualifier

pCi/L
pCi/L

0 ppb

2
2 y

28600 ppb
25100 ppb

148 ppb
561 ppb

2
1
3

6890
6730
6910

210000
14300

ppb

ppb

W
W

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L

207 pCi/L
106 ppb

L,,

000.,

L
DL
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Constituent Name Collect Date Result Units Filtered Qualifier

299-W11-14

299-W1l-14
299-W11-14
299-Wl1-14

299-W1l-14
299-W11-14
299-W11-14

299-W11-14
299-W11-14
299-Wl1-14
299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-W11-14
299-Wi1-14
299-W11-14

CAJ

Uranium

Vanadium
Vanadium
Vanadium, filtered

Zinc
Zinc
Zinc, filtered

pH
pH
pH
pH
pH
pH
pH
pH
pH
pH

12/16/93

6/27/88
6/27/92
6/27/92

6/27/88
6/27/92
6/27/92

6/27/88
11/10/88
11/10/88
4/13/90
4/13/90
5/17/91
6/19/92
6/27/92
4/07/93

12/16/93

Well

11 ppb

ppb

ppb

57
46
46

41
8
6

y

y

8
7
8
7
8
6
8
7
8
8

M
7
01



WHC-EP-0814

Table A2-5. Downgradient Well 299-W12-1. (9 sheets)

A3-27
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Well

299-W12-1
299-W12-1

299-W12-1

299-W12-1
299-W12-1

299-W12-1
299-W12-1

299-W12-1
299-W12-1

299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1

299-W12-1

299-W12-1
299-W12-1

Constituent Name

Acetone
Acetone

Alkalinity

Aluminum
Aluminum, filtered

Antimony
Antimony, filtered

Arsenic
Arsenic, filtered

Barium
Barium, filtered
Barium, fil'tered

Beryllium
Beryllium, filtered

Bis(2-ethylhexyl) ph

Cadmium
Cadmium, filtered

Collect Date

6/27/92
6/27/92

6/04/87

6/27/92
6/27/92

6/27/92
6/27/ 92

6/27/92
6/27/92

6/27/92
6/04/ 87
6/27/92

6/27/92
6/27/92

6/27/92

6/27/92
6/27/92

Result Units Filtered

6
7

Qualifier

JB
JB

74400 ppb

35
35

44
44

2
2

66
67
66

ppb

1
1

10

4
4

Y

y

Y

Y
Y

y

B

y

M)J

00

N
N N IM

0O
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Well

299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1
299-W12-1

299-W12-1

299-W12-1
299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1

Constituent Name

Calcium
Calcium, filtered
Calcium, filtered

Carbon tetrachloride
Carbon tetrachloride
Carbon tetrachloride

Cesium-137

Chloride
Chloride
Chloride
Chloride

Chloroform
Chloroform
Chloroform

Chromium
Chromium, filtered
Chromium, filtered

Cobalt
Cobalt, filtered

Collect Date

6/27/92
6/04/87
6/27/92

6/19/92
6/27/92

11/15/93

9/17/87

6/04/87
6/19/92
4/07/93

11/15/93

6/19/92
6/27/92

11/15/93

6/27/92
6/04/87
6/27/92

6/27/92
6/27/92

Result Units

101000
94700

101000

9
7

8 ppb

19900
22000
22000
23000

2

1

64
64
61

ppb

ppb

Filtered

y
y

Qualifier

E

E

4 pCi/L

ppb
ppb
ppb
ppb

ppb

ppb

ppb

6
6

D

J

y
Y

Y

4/30/80 18 pCi/L

C)
-v

299-W12-1 Cobalt-60
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Constituent Name Collect Date Result Units Filtered Qualifier
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1

299-W12-1

299-W12-1
299-W12-1
299-W12-1
299-W12-1

299-W12-1

299-W12-1
299-W12-1
299-W12-1

Cobalt-60
Cobalt-60
Cobalt-60
Cobalt-60
Cobalt-60
Cobalt-60
Cobalt-60
Cobalt-60
Cobalt-60
Cobalt-60

Copper
Copper, filtered

Cyanide

Dissolved Oxygen
Dissolved Oxygen
Dissolved Oxygen
Dissolved Oxygen

Ethylbenzene

Fluoride
Fluoride
Fluoride

7/22/80
10/15/80
4/27/81
7/13/83

10/18/83
1/30/84
4/27/84
4/22/85
9/07/85
1/20/87

6/27/92
6/27/92

6/04/87

6/04/87
6/04/87
6/04/87
6/04/87

11/15/93

6/19/92
4/07/93

11/15/93

2/09/95

Well

CDJ

25
13
13
3
3

10
4
3

22
6

5
5

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L

M
F

-vI

cc

L

Y

34 ppb

9 ??
9 ??
9 ??
9 ??

0 ppb

700
600
500

ppb
ppb
ppb
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Constituent Name Collect Date Result Units Filtered Qualif ier
299-W12-1

299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1

299-W12-1

299-W12-1
299-W12-1

299-W12-1
299-W12-1

299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1

I-'

Fluorine

Gross beta
Gross beta
Gross beta
Gross
Gross
Gross
Gross
Gross
Gross

beta
beta
beta
beta
beta
beta

Gross beta

Iodine-129

Iron
Iron, filtered

Lead
Lead, filtered

Magnesium
Magnesium, filtered
Magnesium, filtered

Manganese
Manganese, filtered

6/04/87

2/07/80
4/30/80
7/22/80

10/15/80
2/05/81
4/27/81
8/19/81

10/15/81
6/04/87

11/15/93

9/26/88

6/27/92
6/27/92

6/27/92
6/27/92

6/27/92
6/04/87
6/27/92

6/27/92
6/27/92

590 ppb

75
75
75
75
75
75
75
75
35
40

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L

0 pCi/L

43
24

2
2

41100
40600
40700

ppb

2
2

Well

E
E

2E:

I .y

y

Y
y

y

E

E
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Well

299-W12-1
299-W12-1

299-W12-1

299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1

299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1

Constituent Name

Mercury
Mercury, filtered

Methyl ethyl ketone

Methylene
Methylene
Methylene

chloride
chloride
chloride

Nickel
Nickel, filtered

Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate

Collect Date

6/27/92
6/27/92

6/27/92

6/27/92
6/27/92

11/15/93

6/27/92
6/27/92

2/07/80
4/30/80
7/22/80

10/15/80
2/05/81
4/27/81
8/19/81

10/15/81
1/28/82
4/22/82
7/26/82

10/12/82
1/04/83
1/26/83

Result Units

0
0

4

11
12
0

18
18

220
200
210
210
210
250
240
230
260
220
82

250
250
270

Filtered Qualifier

Y

J

B
B

ppb BL

Y

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

(AJ

0
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Constituent Name Collect Date Result Units Filtered Qualifier
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1
299-W12-1

(AJ
L.J

Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate

Potassium
Potassium,
Potassium,

filtered
filtered

4/25/83
10/18/83
1/30/84
4/27/84
7/09/84

10/25/84
1/18/85
4/22/85
9/07/85
3/26/86

11/06/86
1/20/87
6/04/87
9/17/87
2/25/88
2/29/88
9/26/88
6/19/92
4/07/93

11/15/93

6/27/92
6/04/87
6/27/92

6/19/92 22 pCi/L

Well

300
240
290
320
295
260
360
330
500
360

346000
353000
350000
345000
377000

331000
300000
290000
340000

4920
4640
4550

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb

ppb

M

I

D

y
y

299-W12-1 Radium-226



2/09/95
Page 7

Well

299-W12-1
299-W12-1

299-W12-1
299-W12-1

299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1

299-W12-1

299-W12-1
299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1

Constituent Name

Selenium
Selenium, filtered

Silver
Silver, filtered

Sodium
Sodium, filtered
Sodium, filtered

Specific
Specific
Specific
Specific
Specific
Specific
Specific

conductance
conductance
conductance
conductance
conductance
conductance
conductance

Strontium, filtered

Sulfate
Sulfate
Sulfate
Sulfate

Thallium
Thallium, filtered

Collect Date

6/27/92
6/27/92

6/27/92
6/27/92

6/27/92
6/04/87
6/27/92

6/04/87
6/04/87
6/04/87
6/19/92
4/07/93

11/15/93
11/15/93

6/04/87

6/04/87
6/19/92
4/07/93

11/15/93

6/27/92
6/27/92

Result Units

5
5

6
6

15200
15000
15100

964
965
966
930
921
940

1130

ppb

Filtered

y

Y

y
y

Qualifier

NS
NS

N
N

E

E

umhos
umhos
umhos
umhos
umhos
umhos
umhos

543 ppb

56100
66000
63000
71000

2
2

Y

ppb
ppb
ppb
ppb D

y

M
C,
OD

let.
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Constituent Name Collect Date Result Units Filtered Qualifier

299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1

Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium

2/07/80
4/30/80
7/22/80

10/15/80
2/05/81
4/27/81
8/19/81

10/15/81
1/28/82
4/22/82
7/26/82

10/12/82
1/04/83
1/26/83
4/25/83
7/13/83

10/18/83
1/30/84
4/27/84
7/09/84

10/25/84
1/18/85
4/22/85
9/07/85
3/26/86

11/06/86

Well

LAJ

CAJ
U'

740
530
420
870
540
640
860
520

1500
1300

680
730

1400
2200
1800
1200
1400
2000
2100
1500
2200
2400
1900
2000
2300
3240

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L

CO

-A
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Constituent Name Collect Date Result Units Filtered Qualif ier
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1
299-W12-1

299-W12-1
299-W12-1

299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1
299-W12-1

CAJ

Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium
Tritium

Vanadium
Vanadium,
Vanadium,

filtered
filtered

Zinc
Zinc, filtered

pH
pH
pH
pH
pH
pH
pH
pH

1/20/87
6/04/87
9/17/87
2/25/88
9/26/88
6/19/92
4/07/93

11/15/93

6/27/92
6/04/87
6/27/92

6/27/92
6/27/92

6/04/87
6/04/87
6/04/87
6/04/87
6/19/92
6/27/92
4/07/93

11/15/93

Well

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L

4010
4710
5520
5650
6730
9050
9190
9130

47

23
47

y
y

y

ppb

6
6

8
8
8
8
8
7
8
8

M-

m
CO
0O

-.



WHC-EP-0814

Table A3-6. Summary of Provisional
Background Valuesa (Johnson,

Hanford Site Groundwater
1993). (3 sheets)

Constituent PNL Resultsb USGS Results WHC Unconfinedb WHC Provisional(concentration) (sample size) (sample size) Threshold Values

Aluminum <2 110 1 139 <200 <200(ppb) (12) (50)

Armonium <50 NA <50 <120(ppb) (18)

Arsenic 3.9t2.4 6.7 t 3.7 <5 10(ppb) (7) (14)
Barium 42±20 53 ± 14 41t20 68.5(ppb) (11) (53)

BeryLlium <0.3 NA <5 <5(ppb) (16)

Bismuth <0.02 NA <5 <5
(ppb) 

(4)

Boron <50 <50 <100 <100(ppb) (14) (35)

Cadmium <0.2 <10 <10 <10(ppb) (1) (16)
Calciun 40,400 ± 10,300 40,857 ± 8,282 38,542 1 11,023 63,600(ppb) (14) (53)

Chloride-low NA 5,825 1 1,355 5,032 ± 1,774 8,690(ppb) (8) (53)

Chloride-high NA 20,667 1 2,503 23,296 t 2,463 28,500(ppb) (6) (14)
Chloride-all 10,300 ± 6,500 12,186 ± 7,842 8,848 1 7,723 NC(ppb) (14) (67)

Chromium 4t2 <50 <30 <30(ppb) (11) (8)
Copper <1 <10 <30 <30(ppb) (10) (50)

Fluoride 370 ± 100 550 ± 330 437 ± 131c 1,340(ppb) (14) (47) 75c
Iron-low NA 22 1 16c <50 86
(ppb) (34)

Iron-mid NA NA 115 ± 52 291(ppb) (7)

Iron-high NA NA 494 1 118 818
(ppb) (12)

Iron-alL NA NA 149 t 199 NC(ppb) (53)

Lead <0.5 <30c <5 <5(ppb) (6) (15)
Magnesium 11,800 t 3,400 10,814 1 1,813 11,190 1 2,578 16,840(ppb) (14) (14)

Manganese-low NA 26 ± 27 <20 24.5
(ppb) (8) (33)

Manganese-high NA 150 t 87 118 ± 17 163.5
(ppb) (3) (20)

A3-37



WHC-EP-0814

Table A3-6. Summary of Provisional
Background Valuesa (Johnson,

Hanford Site Groundwater
1993). (3 sheets)

Constituent PNL Resultsb USGS Resultsb WHC Unconfinedb WHC Provisional(concentration) (sample size) (sample size) Threshold Values
Manganese-all --- 60 ± 73 50 ± 55 NC(ppb) (11) (53)

Mercury --- NA <0.1 <0.1(ppb) (14)
Nickel <4 <50 <30 <30(ppb) (14) (23)

Nitrate NA 3,224 1 3,380 5,170 t 3,576 12,400(ppb) (13) (78)

Phosphate <1000 140 ± 62 <1,000 <0,000(ppb) (3)

Potassiwsn 4,950 ± 1,240 5,900 ± 1,253 4,993 ± 1,453 7.975(ppb) (14) (53)
Selenium <2 NA <5 <5(ppb) (14)

Silver <10 NA <10 <10(ppb)

Silicon NA 16,786 a 3,683 18,152 ± 4,974 26,500(ppb) (14) (35)

Sodiun 18,260 a 10.150 20,286 a 7,907 15,774 ± 6,784 33,500(ppb) (14) (53)

Strontimn 236 a 102 159 a 78 164 ± 47 264.1(ppb) (14) (43)

Sulfate 34,300 a 16,900 41,286 ± 27,880 30,605 a 22,611 90,500(ppb) (14) (67)

Uraniwxn 1.7 a 0.8 NA 1.7 a 1.2 3.43(pCi/L) (10)

Vanadiwn 17 9 NA 9 ± 4 15(ppb) (18)

Zinc-low NA 14 ± 20 <50 <50(ppb) (11) (36)

Zinc-high NA 373 a 284 247 a 165 673(ppb) (3) (17)

Zinc-all 6 a 2 91 a 190 95 a 140 NC(ppb) (14) (53)

Field alkalinity NA 134,100 a 20,469 137,758 a 33,656 215,000(ppb) (10) (31)

Lab alkalinity 123,000 a 21,000 130,000 ± 8,165 133,717 a 29,399 210,000(ppb) (4) (52)

Field pH NA NA 7.57 ± 0.29 [6.90, 8.24]
(57)

Lab pH 7.64 a 0.16 NA 7.75 a 0.21 [7.25, 8.253
(52)

Total organic 586 ± 347 NA 519 . 367c 2,610carbon (ppb) (62) 1,610c
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Table A3-6. Summary of Provisional
Background Valuesa (Johnson,

Hanford
1993).

Site Groundwater
(3 sheets)

Constituent PNL Resultsb USGS Resultsb WHC Unconfinedb WHC Provisional(concentration) (sample size) (sample size) Threshold Values
Field conductivity NA NA 344 ± 83 539(arhos/cm) (22)
Lab conductivity 380 ± 82 NA 332 1 93 530(AMhos/cm) (36)
Total organic NA NA <20C
halogen, lower (14).
detection limit

(ppb)

Total carbon NA NA 31,772 ± 7,022 50,100(ppb) (48)
Gross alpha 2.5 1 1.4 NA 2.5 . 1.5c 63(pCi/L) (36) 5.79c
Gross beta 19 t 12 NA 7.1 . 2.6c 35.5(pCi/L) (44) 12.62c

Radi u <0.2 NA ND 0.23
(pCi/L) (10)

Mnt.. I,..k,.... t, 
1 -

Note I-k-OnV. G., IYY., Westinghouse Hanford Comany Oerational Groundwater Status Reort,WHC-EP-0595, Westinghouse Hanford Comupany, Richland, Washington.a Source: From Tables 5-9 and 5-11 (DOE-RL, 1992, Hanford Site Groundwater Background,
b DOE/RL-92-23, U.S. Department of Energy, Richland Operations Office, Richland, Washington).c Results shown are mean ± one standard deviation.Potential outLier observation(s) were removed.
NA = not available.
NC = not calculated.
ND = not detected.
PNL = Pacific Northwest Laboratory.
ppb = parts per billion.
USGS = United States Geological Survey.
WHC = Westinghouse Hanford Company.
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Table A3-7. Background Level 95% Upper Confidence Limit and
Bowen's Background Numbers.

CAS Number 90P1  90PUCL 1  Bowen's Background NumbersConstituent (mg/Kg) (mg/Kg)
Igneous Shale Sandstone

(ppm) (ppm) (ppm)

Aluminum 7429-90-5 12200 13400 82000 --- 25000
Antimony 7440-36-0 0.2 1.5 0.05

Arsenic 7440-38-2 6.41 7.27 1.8 13 1.0
Barium 7440-39-3 136 148 425 580 50

BeryLlium 7440-41-7 1.48 1.58 2.8 3 <1
Cadm ium 7440-43-9 0.2 0.3 0.05

CaLcitn 7440-70-2 17230 19500 41500 22100 39110
Chromium 7440-47-3 19.4 22.2 100 90 35
Cobalt 7440-48-4 16.3 17.5 25 19 0.3
Copper 7440-50-8 22.5 24.5 55 45 5
Iron 7439-89-6 :20 35150 56300 47200 9800
Lead 7439-92-1 10.41 11.88 12.5 20 7

Magnesium 7439-95-4 7210 7760 23300 15000 10700
Manganese 7439-96-5 514 549 950 850 50
Mercury 7439-97-6 0.287 0.502 0.08 0.4 0.03
Nickel 7440-02-0 19.7 21.6 75 68 2

Potassium 7440-09-7 2250 22550 20900 26600 10700
Seleniun 7782-49-2 0.05 0.6 0.05

Silver 7440-22-4 0.64 1.1 0.07 0.1-soiL 0.07
Sodium 7440-23-5 630 721 23600 9600 3300

705 887

Thallium 7440-28-0 0.45 1.4 0.82

Vanadium 7440-62-2 86.5 94.9 135 130 20

Zinc 7440-66-6 67.8 71.8 70 95 16

Lithium 7439-93-2 33.4 35 20 66 15
Molybdenun 7439-98-7 1.5 2.6 0.2

Titaniun 7440-32-6 2580 2940 5700 4600 1500

Zirconiun 7440-67-7 38.97 45.8 165 160 220
1 90th Percentile, 90th Percentile Upper Confidence Limit; Reference: DOE/RL-92-24, Rev. 1.2202 Reference: Bowen, H.J.M., "Trace Elements in Biochemistry", Academic Press, Inc., New York, 241 pp.
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Table A3-8. Maximum Contamination Levels and Derived
(WHC 1990b). (4 sheets)

Concentration Guidelines

Reference Constituent Guideline Units Source of
Limit Guideline

40 CFR 141
Primary
Drinking
Water
Standards

1,1,1-trichloroethane
1,1-dichloroethylene
1,2-dichloroethane
2,4-0
2,4,5 Silvex
Alpha, high detec. level
Arsenic
Arsenic, filtered
Barium
Barium, filtered
Benzene
Bromodichloromethane
Bromoform
Cadmium
Cadmium, filtered
Carbon tetrachloride
Chloroform
Chromium
Chromium, filtered
Chromium-6
Coliform (membrane filter)
Coliform bacteria
Dibromochloromethane
Endrin
Fluoride
Fluoride, lw detec. level
Gross alpha
Gross beta
Lead (graphite furnace)
Lead, filtered
Lindane, alpha-BHC
Lindane, beta-BHC
Lindane, delta-BHC
Lindane, gamma-BHC
Mercury
Mercury, filtered
Methoxychlor
Nitrate
Nitrate, high detec. level
Nitrate, phenodisulfonic acid
Nitrate-ion
Selenium
Selenium, filtered
Silver
Silver, filtered
Toxaphene
Trichloroethylene
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200
7
5

100
10
15
50
50

1,000
1,000

5
100
100

10
10
5

100
50
50

.05
1
1

100
.2

4,000
4,000

15
50
50
50
4
4
4
4
2
2

100
45,000
45,000

45
45
10
10
50-
50
5
5

ppb
ppb
ppb
ppb
ppb
pCi/L
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
MPN
ppb
ppb
ppb
ppb
pCi/L
pCi/L
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
mg/ L
mg/ L
ppb
ppb
ppb
ppb
ppb
ppb

MCLG
MCLG
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MC L
MCLa
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
MCL
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Table A3-8. Maximum Contamination Levels and Derived
(WHC 1990b). (4 sheets)

Concentration Guidelines

Reference Constituent Guideline Units Source of
Limit Guideline

40 CFR 141
(Contd)

40 CFR 143
Secondary
Drinking
Water
Standards

54 FR 22062
Proposed
Primary
and
Secondary
Drinking
Water
Standards

Turbidityb
p-Dichlorobenzene
Vinyl chloride

Chloride
Copper
Copper, filtered
Iron
Iron, filtered
Manganese
Manganese, filtered
Sulfate
Total dissolved solidsb
Zinc
Zinc, filtered
pH, field measurement, max.b
pH, lab. measurement, max.b

1,2-dibro;no-3-chloropropane
1,2-dichloropropane
Alachlor
Aluminum
Aluminum, filtered
Arochlor 1016
Arochlor 1221
Arochlor 1232
Arochlor 1242
Arochlor 1248
Arochlor 1254
Arochlor 1260
Chlordane
Chlorobenzene
Chlorobenzene (by ABN)
Ethyl benzene
Heptachlor
Nitrite
Pentachlorophenol
Styrene
Tetrachloroethylene
Toluene
Xylene-m
Xylene-o,p
trans-1,2 Dichloroethylene
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5 NTU
750 ppb
2 ppb

250,000
1,000
1,000

300
300
50
50

250,000
500,000

5,000
5,000

8.5
8.5

.2
5
2

50
50
.5
.5
.5
.5
.5
.5
.5
2

100
60

700
.4

3,300
200

5
5

2,000
10,000
10,000

100

MCL
MCL
MCL

SMC L
SMCL
SMCL
SMCL
SMCL
SMC L
SMCL
SMCL
SMC L
SMC L
SMCL
SMCL
SMCL

ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb

ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb
ppb

MCL prop
MCL prop
MCL prop
SMCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
MCL prop
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Table A3-8. Maximum Contamination Levels and Derived
(WHC 1990b). (4 sheets)

Concentration Guidelines

Reference Constituent Guideline Units Source of
Limit Guideline

DOE 5400.5
DCG,
Adjusted to
4 mrem/yr
allowable
dose per
primary
drinking
water
standards

Americium-241
Antimony-124
Antimony-125
Barium-140
Carbon-14
Cerium-141
Cerium-144
Cesium-134
Cesium-137
Cobalt-58
Cobalt-60
Curium-242
Curium-244
Europium-154
Europium-155
Iodine-129, low detec. level
Iodine-131
Iron-59
Lanthanum-140
Lead-210
Manganese-54
Molybdenum-99
Nickel-63
Niobium-95
Phosphorus-32
Plutonium-238
Plutonium-239/40
Plutonium-241
Praseodymium-144
Promethium-147
Radium-228
Ruthenium-103
Ruthenium-106
Silver-110 mestable
Sodium-22
Strontium-89
Strontium-90
Strontium-90, low detec. level
Technetium-99
Tin-113 daughter
Tritium (Hydrogen-3)
Uranium-234
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1.2
400

2,000
800

2,800
2,000

280
80

120
1,600

200
40

2.4
800

4,000
20

120
800
800
1.2

2,000
1,200

12,000
2,400

800
1.6
1.2
80

280
4,000

4
2,000

240
400
400
800

40
40

4,000
2,000

80,000
20

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L

1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 OCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 OCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
1/25 DCG
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Table A3-8. Maximum Contamination Levels and Derived Concentration Guidelines
(WHC 1990b). (4 sheets)

Reference Constituent Guideline Units Source of
Limit Guideline

DOE 5400.5 Uranium-235 24 pCi/L 1/25 DCG
(Contd) Uranium-236 20 pCi/L 1/25 DCG

Uranium-238 24 pCi/L 1/25 DCG
Zinc-65 360 pCi/L 1/25 DCG
Zirconium-95 1,600 pCi/L 1/25 DCG

aThis value represents a screening value
the 4 mrem/yr MCL (WAC 248-54-185).

for assumed compliance with

bThese parameters not used to select key constituents since they are
indicator parameters and not actual discrete chemical or radiological
constituents.

ppb
MCLG

MCL
p/Ci/L

MPN
NTU

SMCL
MCL prop

SMCL prop
1/25 DCG

Parts per billion (or micrograms per liter).
Maximum contamination level goal.
Maximum contamination level.
Picocuries per liter.
Most probable number.
Nephelometric turbidity unit.
Secondary maximum contamination level.
Maximum contamination level-proposed.
Secondary maximum contamination level-proposed.
1/25 Derived concentration guide.

A3-44



WHC-EP-0814

APPENDIX B

CHEMISTRY CONCENTRATION PLOTS
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CHEMISTRY CONCENTRATION PLOTS

Chemistry data correlation plots of the available effluent andgroundwater monitoring data were created and are shown in Appendix B.The plots are of two basic types:

1. Plots showing 216-T-1 Ditch effluent data, well 299-W11-37
groundwater data, and the Hanford Site background average
concentration data or background 95% upper confidence limit.

2. Plots showing groundwater data for wells near upgradient past-
practice disposal sites and contaminant sources in the vicinity ofthe 216-T-1 Ditch and for comparison, the Hanford Site backgroundaverage concentration data or background 95% upper confidence limit.

The plots were created to illustrate differences between the differentsites sampled. The Hanford Site background average or background 95% upperconfidence limit concentration for the unconfined aquifer was plotted to showhow the concentration of a given constituent in effluent and/or groundwatercompared to the background unconfined aquifer concentration. Where abackground value was not available, or did not provide a good basis forcomparison, other values were used in place of background values. The twoother values that were used are MCLs, which can be used for most chemicalsand 1/25 DCG, used for radionuclides. Concentrations that are lower than theaverage value".(either a background, MCL, or 1/25 DCG), are most likely theresult of disposal of Hanford Site "system water" or "raw water" (e.g.,treated or untreated Columbia River water) with little or no contamination.Concentrations that are higher than the average value are most likely theresult of disposal of wastewater from Hanford Site processes and operations(i.e., process facility effluent), which is often elevated in concentrationand/or contaminated. The elevated parameters can be used to determine thesource of the contamination if enough is known about the composition of thewastewater that was originally discharged to a given facility. Even withoutthis information a general source of contaminants can be determined by tracinga path back upgradient from the well and seeing what facilities it intersects.

The plots show a difference in effluent chemistry versus groundwaterchemistry, with the effluent exhibiting lower concentrations than the95% upper confidence limit value in most cases, and the groundwater exhibitinghigher concentrations than the 95% upper confidence limit value. Consideringthe presence of several groundwater contaminant plumes within the 200 WestArea, this is not unexpected. Several of the parameters that were plotted arerelated to these plumes.

Figure B-1 shows two related parameters, (a) uranium and (b) gross alpha.Both of these parameters have concentrations which are in excess of thebackground concentration. Well 299-W11-14, which is directly upgradient ofthe T-1 Ditch exhibits the most dramatic difference. It appears that theconcentrations are dropping over time, so the contamination may be part of aplume which is moving through the area.

Figure B-2 also shows two related parameters, (a) technetium-99 and(b) gross beta. The background concentration for gross beta is naturally low,
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while the concentration is elevated in the groundwater in upgradient
well 299-W11-14 and downgradient well 299-W12-1. This figure is somewhat
misleading, in that the 1/25 DCG is so high compared to the groundwater
concentrations. It is important to note that while the technetium-99
concentrations do not approach the level of the 1/25 DCG, they are elevated
with respect to natural conditions. The last measures value at
well 299-Wll-14 was in excess of 100 pCi/L.

Figure B-3 shows organic parameters (a) carbon tetrachloride and(b) chloroform. In the case of these two parameters, the MCL was used for
comparison purposes, because background values would not exist for these
constituents under normal conditions, and comparison to a regulatory limit
aids in determining if there are problems with the concentration levels. Both
of these parameters are elevated in the upgradient groundwater, and both of
them are the result of extensive groundwater contaminant plumes within the
200 West Area.

Figure B-4 shows anion parameters (a) nitrate and (b) sulfate. Nitrate
concentrations in the T-1 Ditch effluent are lower than the MCL value. All of
the upgradient wells and the down gradient well shown, have elevated
concentrations of nitrate. This parameter is part of a major 200 West Areacontaminant plume, which underlies the 216-T-1 Ditch area. Sulfate in the216-T-1 Ditch effluent is well below the background value. Well 299-W11-14,
which is directly upgradient of the ditch, and 299-W12-1, which is down
gradient of the ditch, both show elevated concentrations of sulfate. Nitrate
and sulfate are moving in from upgradient contamination sources as part ofgroundwater contaminant plumes.

Figure B-5 shows metal parameters (a) aluminum and (b) iron. T-1 Ditcheffluent has historically shown elevated concentrations of both constituents.
However, this has varied over time, with concentration dipping below thebackground value in the late 1980's/early 1990's. At this time, both
parameters are once again elevated in the effluent. Of the upgradient anddowngradient wells, only 299-WII-7 has shown elevated concentrations of ironin the past. Presently, none of these wells have elevated concentrations ofeither parameter. Only the effluent from the T-1 Ditch appears to be elevatedin concentration for these two parameters.
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Figure B-1. Concentration Plots of 216-T-1 Ditch Effluent, Groundwater, and
the Hanford Site Background Average for the Unconfined Aquifer

(Johnson 1993) for (a) Uranium and (b) Gross Alpha.
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Figure B-2.
1/25 Deri

Concentration Plots of 216-T-1 Ditch Effluent, Groundwater, and
ved Concentration Guideline (WHC 1988)/Hanford Site Background
Average for the Unconfined Aquifer (Johnson 1993)

for (a) Technetium-99 and (b) Gross Beta.
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Figure B-3. Concentration Plots of Groundwater and Maximum Concentration
Guidelines (40 CFR 141) for (a) Carbon Tetrachloride and (b) Chloroform.
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Figure B-4. Concentration Plots of 216-T-1 Ditch Effluent, Groundwater, andMaximum Concentration Guidelines (40 CFR 141)/Hanford Site Background Averagefor the Unconfined Aquifer (Johnson 1993) for (a) Nitrate and (b) Sulfate.
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Figure B-5. Concentration Plots of 216-T-1 Ditch Effluent, Groundwater, andHanford Site Background Average for the Unconfined Aquifer
(Johnson 1993) for (a) Aluminum and (b) Iron.
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APPENDIX C

ANNUAL AVERAGE TIME-SERIES PLOTS

CHEMICAL CONSTITUENTS DETECTED IN THE WASTEWATER EFFLUENT
(1985 TO PRESENT)
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ANNUAL AVERAGE TIME-SERIES PLOTS

CHEMICAL CONSTITUENTS DETECTED IN THE WASTEWATER EFFLUENT
(1985 TO PRESENT)

Appendix C contains plots the major cation, miscellaneous, heavy metals,
radionuclides, regulated, and major anion chemical constituents detected in
the wastewater effluent from 1985 to the present time.
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Figure C-1. Major Cation Chemical Constituents.
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Figure C-2. Miscellaneous Chemical Constituents.
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Figure C-5. Regulated Chemical Constituents.
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Figure C-6. Major Anion Chemical Constituents.
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Figure C-3. Heavy Metal Chemical Constituents.
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Figure C-4. Radionuclides Chemical Constituents.
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